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FIELD OF THE INVENTION 
[•ODD THIS INVENTION re.ate s generaUy to ffiodulation of ^ 
particular* to presen , invention relates to the use of at least one set of peptides in compositions and 
m«hods for modulating an immune response to one or more polypeptide antigens, to certain 
embodtmenta, the sequences of a respective set of peptides are derived in whole, or in part, torn a 
single po!ypep«de antigen. Individna! peptides of a respective peptide set comprise diflenm, portions 
of an ammo acid seqnenoe eorresponding to a single polypeptide antigen and display partial sequence 
■denti^ or similarity to at leas, one other peptide of the aame set of peptide, The invention also 
extends to methods of using such peptide, in a range of preventive, diagnostic and therapeutic 
appltcation, Addttionany, tite invention relates to the use of uncultured antigen-presenting cells or 
then precursors, which have not been aubjeoted to activating conditions, and whieh have been 
contacted with an antigen, in methods and compositions for modulating an immune response in a 
recipient of those cells. 

[0002, Bibliographic details of various publications numerically referred to in this specification 
are collected at the end of the description. 

BACKGROUND OF THE INVENTION 
20 [0003] Since its discovery almost 20 years ago, the human immunodeficiency virus type-1 (IflV- 
1) has claimed more than 22 million lives and is continuing to devastate communities worldwide (1) 
Forty-two million people are currently living with HTV-1 and, despite efforts to modify high-risk 
behave, an estimated 5 million new infections occur yearly (2). Similarly, Hepatitis C virus (HCV) 
and Hepatitis B virus infections result in chronic liver damage and hepatocellular damage in millions 
of people worldwide. Safe and effective preventative or therapeutic vaccines for these viruses are 
desperately needed. Additionally, it is now helieved that immune protection from, or clearance of 
many cancers requires specific T cell responses. 

[0004, The elimination of persistent intracellular pathogens such as replicating viruses generally 
requxres the mobilisation of cell-mediated immunity (CMI). CD8+ cytotoxic T lymphocytes (CTL) are 
the primary effector cells of CMI; they kill viral-infected cells by recognising viral peptides presented 
on *e cell surface in the context of MHC class I molecules. Prior to the appearance of virus-specific 
anybodies, a robust HIV-l- S pecific CTL response temporally correlates with reduced viremia during 
the acute stage of HTV-1 infection (3, 4). Furthermore, strong CTL responses are associated with 
reduced HIV-1 viremia during chronic infection (5, 6), whereas a decline in HIV-l-specific CTL is 
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linked to rapid progression to AIDS (4, 7-9). Similarly, clearance of HCV infections is generally 
thought to be assisted by virus-specific T cell responses. 

[0005] There are no effective vaccines against HIV-1, HCV or cancers. Early HIV-1 vaccine 
strategies were based on whole-inactivated virus and recombinant structural proteins such as the 
envelope (env) glycoprotein. Non-human primate models revealed only limited strain-specific 
protection by these vaccines against pathogenic simian immunodeficiency virus (SIV) and highly 
pathogenic SHIV (SIV-HIV-1 chimeric) challenges (10-13). The first human phase m trials also failed 
to show efficacy (14). 

[0006] Particle- and recombinant whole protein-based vaccines, although safe, favour the 
generation of antibodies that are insufficient for protection against many chronic viral pathogens 
Alternatively, mtracellularly expressed antigens are subsequently more likely to induce CTL 
responses. Live-attenuated viruses generate potent cell-mediated immunity (CMI) responses, however 
then: chnical safety is of concern (15). Consequently, much focus has shifted toward genetically 
engineered vectors (such as DNA plasmids and poxviruses) expressing HIV-1/SIV genes (such as env 
15 gag sad pot) or HCV genes (16). 

[0007] It is not known which immune-target antigens are protective, but a large breadth of T cell 
responses has been shown to reduce the opportunity for viral escape mutations to arise (17) It is this 
large breadth of potential epitopes, however, which renders the construct of large vectors frequently 
difficult and as well as being complicated by potential safety issues. Concerns have been raised about 
the potential ability of DNA vaccines to integrate with host DNA, as well as the safety of viral vector 
vaccmes m immunocompromised hosts. These represent the significant regulatory hurdles for these 
recombinant vaccines. 

[0008] Also, despite significant advances towards understanding how T and linear B cell 
epitopes are processed and presented to the immune system, the full potential of epitope-based 
25 vaccmes has not been fully exploited. The main reason for this is the large number of different T cell ' 
epitopes, which must be identified for inclusion into such vaccines to cover the extreme human 
leucocyte antigen (HLA) polymorphism in the human population. 

[0009] Infusion of whole antigen-pulsed or single epitope-pulsed cultured antigen presenting 
cells (APC) has previously been reported to be immunogenic in mouse models (22-27) However 
30 other reports in inbred mouse models suggest the infusion of cells pulsed with single peptides may 
even be tolerogenic (induces a state of tolerance to the antigen which would be counterproductive for a 
vaccine) (28-3 1). 
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SUMMARY 
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The present invention discloses the discovery that autologous cells wW,t, r, u 
F * in< " s ™iiar protective responses would iv» 

M*. for modulabng an rmmune to ^ „ mMe 

**,uenca tdenhty — » «o W one ofcer peptide of me same «, of pepuJYLin 

a, 2. 3, 4, 5. 6 or 7 sets of peptides are employed, ^ ^ J~ 
each set are denved 6m a diattaet polypeptide of interest 

20 ,'T 2 !, , ^^^"^"^^"Woallyeon^atoneor^endaof^ 
» mdtv^ pept.de. Sottas a. one or both of mese ends there are a, teas, 4, 5, 6, 7, 3, 9 

13, 14 commons amino acid reaidues whose sequence is identic*! or simitar to « ammo 'acM 
sequence contained within at least one other of the r^pddes. 

[0013] in certain embodiments, the peptide is at leas, 6, 7, 8, 9, 10, 11, ,2, 13, 14, 15 20 25 30 

polype T lymphocyte response (e.g„ peptides of about 8 to about 10 ammo acids in length) or a T 
helper .ymphoeyte response <e.g„ peptides of about a to about 20 amino acids in tength, 

r ™ ,0 ofo "* - oerived from a. leas, about 30 40 50 

60, 70, 80, 90, 91, 92, 93. 94 95 96 97 oa ooo/ ' ' ' 

30 interna. 4 - 95 - 96,97,98 '' 9/ ° ofto ^^«^ndmg to mepolypepudeof 

[0015] Tie polypeptide of inleres, is suitably an antigen selected from a protein anugen an 

anngen expressed by cancer cel., a paniculate anngen, « ^ugen, „ „ 

or an onmune complex, In oertain embodiment, me polypeptide of interest is a disL- „ J^T 

35 .r^ t 85 ta - ,faited *° a — ~ - ■ p— 

a cancer. Examples of pathogenic organisms include, but are not restricted to Wa c • \ 

, me uui resmctea to, yeast, viruses, bacteria, 
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helminths, protozoans and mycoplasmas. Examples of cancers include, but are not restricted to, 
melanoma, lung cancer, breast cancer, cervical cancer, prostate cancer, colon cancer, pancreatic 
cancer, stomach cancer, bladder cancer, kidney cancer, post transplant lymphoproliferative disease 
(PTLD), Hodgkin's Lymphoma and the like. 

[0016J In another aspect, the invention provides antigen-presenting cells or their precursors 
which have been contacted with a set of peptides as broadly described above for a time and under 
conditions sufficient for the peptides or processed forms thereof to be presented by the antigen- 
presenting cells or by their precursors. 

[0017] Li a related aspect, the invention provides a process for producing antigen-presenting 
cells for modulating an immune response to a polypeptide of interest. The process generally comprises 
contacting antigen-presenting cells or their precursors with at least one set of peptides as broadly 
described above for a time and under conditions sufficient for the peptides or processed form thereof 
to be presented by the antigen-presenting cells or by their precursors. Suitably, when precursors are 
used, the precursors are cultured for a time and under conditions sufficient to differentiate antigen- 
1 5 presenting cells from the precursors. 

[0018] Li some embodiments, the or each set of peptides is contacted with substantially purified 
antigen-presenting cells or their precursors, m other embodiments, the or each set of peptides is 
contacted with a heterogeneous population of antigen-presenting cells or their precursors. In these 
embodiments, the heterogenous pool of cells can be blood or peripheral blood mononuclear cells. 
Typically, the antigen-presenting cells or their precursors are selected from monocytes, macrophages, 
cells of myeloid lineage, B cells, dendritic cells or Langerhans cells. In still other embodiments, the or 
each set of peptides is contacted with an uncultured population of antigen-presenting cells or their 
precursors. The population can be homogenous or heterogeneous, illustrative examples of which 
include whole blood, fresh blood, or fractions thereof such as, but not limited to, peripheral blood 
mononuclear cells, buffy coat fractions of whole blood, packed red cells, irradiated blood, dendritic 
cells, monocytes, macrophages, neutrophils, lymphocytes, natural killer cells and natural killer T cells. 
[0019] The antigen-presenting cells broadly described above are also useful for producing 
lymphocytes, including T lymphocytes and B lymphocytes, for modulating an immune response to a 
specified antigen or group of antigens. Accordingly, in yet another aspect, the invention provides a 
method for producing antigen-specific lymphocytes. The method comprises contacting a population of 
lymphocytes, or their precursors, with an antigen-presenting cell as broadly described above for a time 
and under conditions sufficient to produce the antigen-specific lymphocytes that modulate an immune 
response to at least one polypeptide from which the overlapping peptides were derived. 

[0020] Jn yet another aspect, the invention contemplates a composition comprising at least one 
35 set of peptides, or the antigen-presenting cells, or the lymphocytes, as broadly described above, and a 
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pharrraccuncally acceptable earner snd/cr duuent. k certain embodiment*, «he composition may 
tafter comprise an adjuvant cr ccmpcunds «ha, stebffise the peptides cr antigens against damnation 
by host enzymes. 

[0021] In yet another aspect, the invention embraces a method for modulating an immune 
response to a polypeptide of interest, comprising administering to a patient in need of such treatment 
at least one set of peptides, or the antigen-presenting cells, or the lymphocytes, or the composition as 
broadly desenbed above for a time and under conditions sufficient to modulate the immune response. 
[0022] In a related aspect, the invention encompasses a melhod for treatment and/or prophylaxis 
of a disease or condition associated with the presence of a polypeptide of interest, comprising 
10 admunstenng to a patient in need of such treatment or prophylaxis an effective amount of at least one 
set of peptides, or the antigen-presenting cells, or the lymphocytes, or the composition as broadly 
desenbed above, ha some embodiments, peptides or antigen-presenting cells or the lymphocytes are 
administered systemically, typically by injection. 

[0023] l„ still yet another aspect, the invention contemplates the use of at least one set of 

15 peptides, or of the antigen-presenting cells, or of the lymphocytes, as broadly described above, in the 
preparation of a medicament for modulating an immune response to a polypeptide of interest or for 
treating or preventing a disease or condition associated with the presence of a polypeptide of interest. 
[0024] The present invention also discloses the discovery that it is not necessary to culture a 
population of antigen-presenting cells or their precursors to expand that population prior to contacting 

20 it with a target antigen so that the contacted population is useful for modulating an immune response 
to the target antigen in a suitable recipient. Instead, the present inventors have unexpectedly 
discovered that uncultured antigen-presenting cells or their precursors, when contacted with an antigen 
that corresponds to a target antigen, are sufficient to modulate an immune response to the target 
antigen. The use of uncultured antigen-presenting cells or their precursors circumvents the need for 

25 expensive culturing and cell processing facilities and, in certain desirable embodiments, provides 
much faster vaccination regimens, as compared to current protocols. Additionally, the present 
mventors have discovered that it is not necessary to incubate me uncultured antigen-presenting cells 
under conditions that lead to their activation, in order to effectively modulate the immune response to 
the target antigen, which further reduces the number of process steps and manipulations. 

30 [0025] Accordingly, in another aspect, the present invention features a composition of matter for 
modulating an immune response in a subject to a target antigen, the composition comprising 
uncultured antigen-presenting cells or their precursors, which have not been subjected to activating 
conditions, and which have been contacted with an antigen corresponding to the target antigen for a 
time (e.g., from about 1 minute to about 5 days) and under conditions sufficient to express a processed 
or modified form of the antigen for presentation to the subject's immune system (e.g., T lymphocytes) 
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Illustrative examples of uncultured cells include whole blood, fresh blood, or fractions thereof such as 
but not limited to peripheral blood mononuclear cells, buflfy coat fractions of whole blood, packed red 
cells, irradiated blood, dendritic cells, monocytes, macrophages, neutrophils, lymphocytes, natural 
killer cells and natural killer T cells. 

[0026] The antigen corresponding to the target antigen can be of any type including for 
example, nucleic acids, peptides, hormones, whole protein antigens, cellular material (e g live or 
inactivated cancer cells), particulate matter such as, but not limited to, ceU debris, apoptotic cells 
lipid aggregates such as liposomes, membranous vehicles, microspheres, heat aggregated proteins' 
vnosomes, virus-like particles and whole organisms including, for example, bacteria, mycobacteria 
vmises, fungi, protozoa or parts thereof. In some embodiments, the antigen is selected from a 
proteinaceous molecule or a nucleic acid molecule. In some embodiments, the uncultured cells are 
contacted with at two or more antigens, m illustrative examples of this type, the antigens are in the 
form of overlapping or non-overlapping peptides or one or more polynucleotides from which the 
peptides are expressible. 

15 [0027] In a related aspect, the invention extends to the use of uncultured antigen-presenting cells 
or their precursors in the preparation of a medicament for the treatment of a disease or condition in a 
subject, which disease or condition is associated with the presence or aberrant expression of a target 
antigen, wherein the antigen-presenting cells or their precursors have not been subjected to activating 
conditions but have been contacted with an antigen that corresponds to the target antigen for a time 
and under conditions sufficient to express a processed or modified form of the antigen for presentation 
to the subject's immune system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0028] 



Figure 1 is a schematic representation of an in vivo CTL killing assay perfonned at weeks 
10, 15 and 20. 

[0029] Figure 2 is a graphical representation showing in vivo CTL killing of SIVgag overlapping 
peptide-pulsed cells. Two weeks after the FPV-boost (week 10), 3 equal PBMC populations were 
labelled with SNARF (2.5UM) or CFSE (2.5 uM or 0.25 m and were pulsed with SIVpol, nef or gag 
overlapping peptide pools (OPAL), respectively. Blood sampled at 5 min, and at 4 and 16 h post- 
OPAL infusion was RBC-lysed and 10« lymphocyte events were acquired by flow cytometry. At 5 
mm, all 3 populations of labelled PBMC are of relatively equal numbers. By 4 and 16 hours 
2xDNA/FPV-immunised monkey H20 displayed 27. 3 o/„ and 76. 0 o/o clearance of SXVgag-pulsed 
PBMC with respect to SlVnef-pulsed PBMC, respectively, whereas no SIVgag-specific killing was 
observed in control-immunised monkey E20. Note that less events were collected at 4 h than 16 h. 
[0030] Figure 3 is a graphical representation showing vigorous killing of SIVgag- and SIVpol- 
pulsed PBMC following SHIV challenge. Two weeks after SHTV challenge (week 20), equal PBMC 
populations were labelled with SNARF (5uM) or CFSE ( 6m M or 2.5 uM) and were pulsed with 
SIVpol, no peptide, or SIVgag overlapping peptide pools (OPAL), respectively. 10* RBC-lysed 
lymphocyte events were acquired by flow cytometry. 2xDNA/FPV-immunised monkeys H20 and 
H21, Displayed 92. 3 o/ 0 and 98.3% killing of SIVgag-pulsed PBMC. These animals received 2 separate 
infusions of SIVpol- pulsed PBMC, furthermore displaying >99% SIVpol-specific killing. Previously 
CFSE-labelled PBMC were accounted for by flow cytometric analysis of 10' lymphocytes 
immediately prior to OPAL-infusion (not shown). 

[0031] Figure 4 is a photographic representation showing a boost in T-cell immunogenicity 1 
week following OPAL-infusion analysed by IFNy ELISpot. A boost in SIVgag and pol peptide pool 
responses is evident in 2xDNA/FPV-immunised monkey H21, where as a primed response to SIVpol 
25 peptide pool is detected in control-immunised monkey E20 (week 10 shown above). 

[0032] Figure 5 is a graphical representation depicting INFy ELISpot analysis 1 week following 
OPAL infusion at week 10. A boost in T-cell immunogenicity to SIVgag, pol and nef overlapping 
peptide pools by OPAL infusion at week 10 was analysed 1 week later by ELISpot. Increased 
responses to SIVgag were detected in all four 2xDNA^PV-immunised animals. Increased SIVpol 
30 responses were present in the 2xDNA^PV-immunised monkeys, H20 and H21 (monkeys BOO and H8 
did not receive any pol-pulsed PBMC), and in one control-immunised monkey, E20. No responses to 
SIVnef were primed in any animals. *IFNy spots in monkeys E20 (prior to OPAL infusion) and BOO 
(post-OPAL infusion) were excluded due to ELISpot developmental problems. 
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0033, Figure 6 is a graphical represetfation showing ^ ELISp0 , , 

OPAL tntaon a week ,5. A boos, in T-ce„ immun08enioity „ ^ ^ J 

overlapping pep.de pools by OPAL inftsion at week 15 was ^ , WMk ^ 

Increased gooses «o SIVgag we. detected in a„ four 2xDNA/FPV- i rnm„„ is ed ammaL. SIVpo, 
5 response, were tacreased (- ^ fc 1 

responses to WI SIV were evident in all mm»t. «* increased 
OT , . m animals ' whereas no responses were detected for SIVnef or 

J±LV-env in any animals. 

l TL ■ 7 " " 8raPWCal re,,rcSenteti<> ° *■**• — "NFr ELISpot of immunogenic,* 

of OPAL .nftision. Mean INF, EUSpot ^ponses to (A) SIVgag a„ d m SIVpoI ow , 

.0 poo! of controL and 2 x DNA^V-unmumsed annua* receiving OPAL mfurions^fd) were 

— receiving e q uiva,en« immunisations b„, no OPAL infusions, before an after ft. 
OPAL mfuaoos SV en a. weeks 10 and ,5 Mowing the immunisation. For the comparison of SIVpo,. 

Th*;:" ~ V " i ~ — — S-Ped based on reeoiving eidrer 1 (B00 
and H8) or 2 (H20 and H2 1) doses of pol-OPAL infusions. 

15 100351 Fig^e 8 is a graphical representation showing the outcome of SHTV intrarectal challenge 
Atweek 1. at, conUoi-and 2*DNA/FPV- ta »unUed macaque, were challenged intrarectal* with 
SBT, m and were assessed for pUama SHIV KNA vital load and CD4 + T cell conn, over me course 
of .he mfection. Recipients „, OPAL mfbaion were compared to their respective immunised non- 
20 T"* Gr ° UP C ° ,npaii!0,,S ta<Bl!ate «""■ * SB- 2xDNA/FPV-immunised macaques 

were further grouped baaed on receiving either ,or 2 separate doses 
Pt^sdPBMC (BOO &H8, and H20&H21, respectively). 

10036] Figure 9 is a graphical representation depicting induction of CD4+ and CD8+ T cell 
responses to SHIV antigens in monkeys infected with SHIV unhaing admh,istin«„„ of who.e Wood 
pubed wti, overlapping ISmer pepttdea encompassing the open reading names of the entire SHIV 

rTiV Wb ° le bl °° d "** ™° »* * ««* 0. 4 and 8 (arrows) and a boos, 

mT cell immunogenicity of bo* CD4 + and CD8 + T eels measured by IFNgamma ^ „ 

"pToTaiT ? "* " " d b * ICS * — ftlowing each dme point 

s-re-orALTcelhi responses measured 1 weekpriorto 1" OPAL (week -1). 

[0037) Fi S™10isagrapWcalrepresentanondepiettag*novoinducdonofCD4 + andCD8 + T 
ceil responses lo HCV in moneys utilising adnunistiation of whole blood pulsed wim overling 
mm peptides encompassing the open reading fames of the entire HCV type-la H77 genome. Tire 
whole blood pulsed pepddes were administer* a, weeka 0, 4 and 8 (a^ws, in two separate p„o, s 

CD 8+ 7 , U7 " 44 "' MUCtt0n "* ^ OI * T cell tamunogenicity of bod, CD4 + and 

CMf T cells measured by IFNgannna production to HCV antigens detected by ICS is seen following 
5 each tune point *PreOPAL T cells responses measured 1 week prior to 1* OPAL (week -1) 
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10038] Figure 1 1 is a graphical representation showing de novo induction of CD4+ and CD8+ T 
cell responses to peptides representative of drug-resistant mutations in mv-l described in HIV-1 
mfected humans, in monkeys utilising administration of whole blood pulsed with 17mer peptides 
encompassing known sites of reverse transcriptase or protease resistance mutations. The whole blood 
5 pulsed peptides were administered at weeks 0, 4 and 8 (arrows). Induction and boosting of T cell 
immunogenicity of both CD4+ and CD8+ T cells measured by IFNgamma production to HIV-1 drug- 
resistant mutation peptides detected by ICS is seen following each time point. *Pre-OPAL T cells 
responses measured 1 week prior to 1 st OPAL (week -1). 

[0039] Figure 12 is a diagrammatic representation showing one embodiment of a pool of single 
10 peptides corresponding to drug-resistant mutations in the reverse transcriptase region or the protease 
region of wild-type HIV-1 described in HIV-1 humans (Mimotopes, Melbourne). 17mer peptides were 
desxgned spanning the sites of common known mutations to incorporate the resistant mutation at the 
9 ammo acid residue (bold) on each 17mer peptide, such that every 9mer epitope (the most common 
length of CD8+ T cell epitopes) as a result of proteolytic cleaving ex vivo would encompass the 
15 mutation. 
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DETAILED DESCRIPTION OF THE INVENTION 

1* Definitions 

Mhoogn any medtod ^ ^ £L I , WbiCh * ^ 

practice or terting of te " T '° ^ "— - * — in «he 

p^o.opL.^r^rrrrr.o— - - - 

element or more than one element P element " means on « 



[0042] The term ««W is used herein to refer to eonditions (e g 
etc) that vary by as much as 30%, preferably by as much as 20°/ JT 

1 W6 to a specified condition. ' n ™ 0 PreieraWy b * as much « 



amounts, concentrations, time 
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. interferon), CetnoKnes, tni,„ 8en , T^^d ^ * 

ftcir prefers ,o physics! sness. However i, skT'bT H ^ -"■"I— *• •* - 
—~ eclndes teadnen, Widens ^^^^0^ "T 
■ess ta soon, 2 „,„, I5% , 10% , 8%> ?% , 6%> * * ^^~^Co^ o r 

cells are activated, or when each of CD2 CD83 rniA mx. , 

rr a, . r or ^ ^.r^T; ™;; 

90%, or even at least about 100% ?nno/ ™rw „n™, 5 °' 80% or 

^, or a, leas, anon, ^^C^T 1^ ^ ^ 

cmtdidon -Jl^T^ " ** » " — — 

30 [0044] 



[0044] By -antigen- is meant all, or part of a 

macromoleeme capable of encidng an Unmet*™ ' TTu ' " "~ ™ 

Sncn andgetts are also reacdve wim am.II Zl , ^ " y 3 ~ 

ota molecme or macromolecole 8 ^ SaM ^ or 
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[0045] By "antigen-binding molecule" is meant a molecule that has binding affinity for a target 
antigen. It will be understood that this term extends to immunoglobulins, immunoglobulin fragments 
and non-immunoglobulin derived protein frameworks that exhibit antigen-binding activity. 

[0046] By "autologous" is meant something (e.g., cells, tissues etc) derived from the same 
organism. 

10047] The term "allogeneic" as used herein refers to cells, tissues, organisms etc that are of 
different genetic constitution. 

[0048] Throughout this specification, unless the context requires otherwise, the words 
"comprise", "comprises" and "comprising" will be understood to imply the inclusion of a stated step 
or element or group of steps or elements but not the exclusion of any other step or element or group of 
steps or elements. 

[0049] By "corresponds to" or "corresponding to" is meant a polynucleotide (a) having a 
nucleotide sequence that is substantially identical or complementary to all or a portion of a reference 
polynucleotide sequence or (b) encoding an amino acid sequence identical to an amino acid sequence 
in a peptide or protein. This phrase also includes within its scope a peptide or polypeptide having 
amino acid sequence that is substantially identical or similar to a sequence of amino acids 
reference peptide or protein. 

[0050] As used herein, the terms "culturing", "culture" and the like refer to the set of procedures 
used in vitro where a population of cells (or a single cell) is incubated under conditions which have 
been shown to support the growth or maintenance of the cells in vitro. The art recognises a wide 
number of formats, media, temperature ranges, gas concentrations etc. which need to be defined in a 
culture system. The parameters will vary based on the format selected and the specific needs of the 
individual who practices the methods herein disclosed. However, it is recognised that the 
determination of culture parameters is routine in nature. 

[0051] By "effective amount", in the context of modulating an immune response or treating or 
preventing a disease or condition, is meant the administration of that amount of composition to an 
individual in need thereof, either in a single dose or as part of a series, that is effective for that 
modulation, treatment or prevention. The effective amount will vary depending upon the health and 
Physical condition of the individual to be treated, the taxonomic group of individual to be treated, the 
formulation of the composition, the assessment of the medical situation, and other relevant factors It 
is expected that the amount will fall in a relatively broad range that can be determined through routine 
trials. 

[0052] By "expression vector" is meant any autonomous genetic element capable of directing the 

synthesis of a protein encoded by the vector. Such expression vectors are known by practitioners in the 
art. 
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[0053] The term "gene" as used herein refers to any and all discrete coding regions of the cell's 
genome, as well as associated non-coding and regulatory regions. The gene is also intended to mean 
the open reading frame encoding specific polypeptides, introns, and adjacent 5' and 3' non-coding 
nucleotide sequences involved in the regulation of expression. In this regard, the gene may further 
5 comprise control signals such as promoters, enhancers, termination and/or polyadenylation signals that 
are naturally associated with a given gene, or heterologous control signals. The DNA sequences may 
be cDNA or genomic DNA or a fragment thereof. The gene may be introduced into an appropriate 
vector for extrachromosomal maintenance or for integration into the host. 

[0054] A compound or composition is "immunogenic" if it is capable of either: a) generating an 
10 immune response against an antigen (e.g., a tumour antigen) in a naive individual; or b) reconstituting, 
boosting, or maintaining an immune response in an individual beyond what would occur if the 
compound or composition was not administered. A compound or composition is immunogenic if it is 
capable of attaining either of these criteria when administered in single or multiple doses. 

[0055] Reference herein to "immuno-inter active" includes reference to any interaction, reaction, 
15 or other form of association between molecules and in particular where one of the molecules is, or 
mimics, a component of the immune system. 

[0056] By "isolated" is meant material that is substantially or essentially free from components 
that normally accompany it in its native state. 

[0057] By "modulating" is meant increasing or decreasing, either directly or indirectly, the 
immune response of an individual. In certain embodiments, "modulation" or "modulating" means that 
a desired/selected response is more efficient (e.g., at least 10%, 20%, 30%, 40%, 50%, 60% or more), 
more rapid (e.g., at least 10%, 20%, 30%, 40%, 50%, 60% or more), greater in magnitude (e.g., at 
least 10%, 20%, 30%, 40%, 50%, 60% or more), and/or more easily induced (e.g., at least 10%, 20%, 
30%, 40%, 50%, 60% or more) than in the absence of an antigen or than if the antigen had been used 
25 alone. 

[0058] The term "operably connected 1 or "operabfy linked* as used herein means placing a 
structural gene under the regulatory control of a promoter, which then controls the transcription and 
optionally translation of the gene. In the construction of heterologous promoter/structural gene 
combinations, it is generally preferred to position the genetic sequence or promoter at a distance from 
the gene transcription start site that is approximately the same as the distance between that genetic 
sequence or promoter and the gene it controls in its natural setting; i.e. the gene from which the 
genetic sequence or promoter is derived. As is known in the art, some variation in this distance can be 
accommodated without loss of function. Similarly, the preferred positioning of a regulatory sequence 
element with respect to a heterologous gene to be placed under its control is defined by the positioning 
35 of the element in its natural setting; i.e. the genes from which it is derived. 
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"contaminating protein"), or of chemical precursors or non-peptide chemicals. The invention includes 
isolated or purified preparations of at least 0.01, 0.1, 1.0, and 10 milligrams in dry weight. 

[0065] The term "recombinant polynucleotide as used herein refers to a polynucleotide formed 
in vitro by the manipulation of nucleic acid into a form not normally found in nature. For example the 
5 recombinant polynucleotide may be in the form of an expression vector. Generally, such expression 
vectors include transcriptional and translation^ regulatory nucleic acid operably linked to the 
nucleotide sequence. 

[0066] By "recombinant polypeptide" is meant a polypeptide made using recombinant 
techmques, i.e., through the expression of a recombinant polynucleotide. 

10 [0067] By "reporter molecule" as used in the present specification is meant a molecule that by 
its chemical nature, provides an analytically identifiable signal that allows the detection of a complex 
comprising an antigen-binding molecule and its target antigen. The term "reporter molecule" also 
extends to use of cell agglutination or inhibition of agglutination such as red blood cells on latex 
beads, and the like. 

15 [0068] The term "sequence identity" as used herein refers to the extent that sequences are 
idenhcal on a nucleotide-by-nucleotide basis or an amino acid-by-amino acid basis over a window of 
eompanson. Thus, a "percentage of sequence identity" is calculated by comparing two optimally 
ahgned sequences over the window of comparison, determining the number of positions at which the 
idenncal nucleic acid base (e.g., A, T, C, G, D or the identical amino acid residue (e.g., Ala, Pro Ser 

20 Thr, Gly, Val, Leu, He, Phe, Tyr, Trp, Lys, Arg, His, Asp, Glu, Asn, Gin, Cys and Met) occurs in'botn 
sequences to yield the number of matched positions, dividing the number of matched positions by the 
total number of positions in the window of comparison (i.e., the window size), and multiplying the 
result by 100 to yield the percentage of sequence identity. For the purposes of the present invention 
"sequence identity" will be understood to mean the "match percentage" calculated by the DNASIS 

25 computer program (Version 2.5 for windows; available from Hitachi Software engineering Co Ltd 
South San Francisco, California, USA) using standard defaults as used in the reference manuai 
accompanying the software. 

[0069] "Similarity" refers to the percentage number of amino acids that are identical or constitute 
conservative substitutions as defined in Table B infra. Similarity may be determined using sequence 
30 comparison programs such as GAP (Deveraux et al. 1984, Nucleic Acids Research 12, 387-395) In 
thts way, sequences of a similar or substantially different length to those cited herein might be 
compared by insertion of gaps into the alignment, such gaps being determined, for example, by the 
comparison algorithm used by GAP. 

[0070] Terms used to describe sequence relationships between two or more polynucleotides or 
polypeptides include "reference sequence", "comparison window", "sequence identity", "percentage 
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of sequence identity" and "substantial identity". A "reference sequence" is at least 12 but frequently 
15 to 18 and often at least 25 monomer units, inclusive of nucleotides and amino acid residues, in 
length. Because two polynucleotides may each comprise (1) a sequence (i.e., only a portion of the 
complete polynucleotide sequence) that is similar between the two polynucleotides, and (2) a sequence 

5 that is divergent between the two polynucleotides, sequence comparisons between two (or more) 
polynucleotides are typically performed by comparing sequences of the two polynucleotides over a 
"comparison window" to identify and compare local regions of sequence similarity. A "comparison 
window" refers to a conceptual segment of at least 6 contiguous positions, usually about 50 to about 
100, more usually about 100 to about 150 in which a sequence is compared to a reference sequence of 

10 the same number of contiguous positions after the two sequences are optimally aligned. The 
comparison window may comprise additions or deletions (i.e., gaps) of about 20% or less as compared 
to the reference sequence (which does not comprise additions or deletions) for optimal alignment of 
the two sequences. Optimal alignment of sequences for aligning a comparison window may be 
conducted by computerised implementations of algorithms (GAP, BESTFJT, FASTA, and TFASTA in 

15 the Wisconsin Genetics Software Package Release 7.0, Genetics Computer Group, 575 Science Drive 
Madison, WI, USA) or by inspection and the best alignment (i.e., resulting in the highest percentage 
homology over the comparison window) generated by any of the various methods selected. Reference 
also may be made to the BLAST family of programs as for example disclosed by Altschul et al., 1997, 
Nucl. Acids Res. 25:3389. A detailed discussion of sequence analysis can be found in Unit 19.3 of 

20 Ausubel et al., "Current Protocols in Molecular Biology", John Wiley & Sons Inc, 1994-1998, 
Chapter 15. 

[0071] By "substantially purified population" and the like is meant that greater than about 80%, 
usually greater than about 90%, more usually greater than about 95%, typically greater than about 
98%, and more typically greater than about 99% of the cells in the population are antigen-presenting 
25 cells of a chosen type. 

[0072] The term "uncultured" as used herein refers to a population of cells (or a single cell), 
which have been removed from an animal and incubated or processed under conditions that do not 
result in the growth or expansion of the cells in vitro, or that result in negligible growth or expansion 
of the cells (e.g., an increase of less than about 50%, 40%, 30%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 
30 5%, 4%, 3%, 2%, 1%, 0.5%, 0.2% or 0.1% in cell number as compared to the number of cells at the 
commencement of the incubation or processing). In certain desirable embodiments, the population of 
cells (or the single cell) is incubated or processed under conditions supporting the maintenance of the 
cells in vitro. 

[0073] By "vector" is meant a nucleic acid molecule, preferably a DNA molecule derived, for 
35 example, from a plasmid, bacteriophage, or plant virus, into which a nucleic acid sequence may be 
inserted or cloned. A vector preferably contains one or more unique restriction sites and may be 
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10 



capable of autonomous replication in a defined host cell including a target cell or tissue or a progenitor 
cell or tissue thereof, or be integrable with the genome of the defined host such that the cloned 
sequence is reproducible. Accordingly, the vector may be an autonomously replicating vector, i.e., a 
vector that exists as an extrachromosomal entity, the replication of which is independent of 
chromosomal replication, e.g., a linear or closed circular plasmid, an extrachromosomal element, a 
minichromosome, or an artificial chromosome. The vector may contain any means for assuring self- 
replication. Alternatively, the vector may be one which, when introduced into the host cell, is 
integrated into the genome and replicated together with the chromosome(s) into which it has been 
integrated. A vector system may comprise a single vector or plasmid, two or more vectors or plasmids, 
which together contain the total DNA to be introduced into the genome of the host cell, or a 
transposon. The choice of the vector will typically depend on the compatibility of the vector with the 
host cell into which the vector is to be introduced. The vector may also include a selection marker 
such as an antibiotic resistance gene that can be used for selection of suitable transformants. 

2. Immunotnodulating sets of overlapping peptides 

1 5 [0074] The present invention is predicated in part on the discovery that antigen-presenting cells 
contacted ex vivo with a set of overlapping peptides spanning a viral polypeptide antigen of interest 
(also referred to herein as Overlapping Peptide-pulsed Autologous ceLls, OPAL) are effective in 
producing a strong immunogenic response in an outbred population, without prior knowledge of the 
epitopes of the antigen. Since antigen-presenting cells form a significant part of the circulatory system, 

20 it is proposed that systemic delivery of the overlapping peptides per se will produce a similar 
protective effect. Accordingly, the present invention broadly provides a set of peptides for modulating 
an immune response to a polypeptide of interest, wherein individual peptides comprise different 
portions of an amino acid sequence coiresponding to the polypeptide of interest and display partial 
sequence identity or similarity to at least one other peptide of the set. 

25 [0075J The partial sequence identity or similarity is typically contained at one or both ends of an 
individual peptide. In one embodiment, there are at least 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 25, 
30, 40, 50 contiguous amino acid residues at one or both ends of an individual peptide, whose 
sequence is identical or similar to an amino acid sequence contained within at least one other of the 
peptides. In an alternate embodiment, there are less than 500, 100, 50, 40, 30 contiguous amino acid 

30 residues at one or both ends of an individual peptide, whose sequence is identical or similar to an 
amino acid sequence contained within at least one omer of the peptides. Such 'sequence overlap' is 
advantageous to prevent or otherwise reduce the loss of any potential epitopes contained within a 
polypeptide of interest. In specific examples disclosed herein, the sequence overlap is 11 amino acid 
residues. 



♦ 
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[0076] Typically, when peptides have partial sequence similarity, their sequences will usually 
differ by one or more conserved and/or non-conserved amino acid substitutions. Exemplary 
conservative substitutions are listed in the following table. 

TABLE A 




Arg 
Asn 
Asp 
Cys 
Gin 
Glu 
Gly 
His 
He 



Ser 

Lys 
Gin, His 

Glu 

Ser 

Asn 

Asp 

Pro 
Asn, Gin 
Leu, Val 



Leu 



Lys 
Met 
Phe 
Ser 
Thr 
Trp 
Tyr 
Val 



De, Val 
Arg, Gin, Glu 

Leu, He, 
Met, Leu, Tyr 
Thr 
Ser 
Tyr 
Tip, Phe 
lie, Leu 



[0077] Conserved or non-conserved substitutions may correspond to polymorphisms in a 
polypeptide of interest. Polymorphic polypeptides are expressed by various pathogenic organisms and 
cancers. For example, the polymorphic polypeptides may be expressed by different viral strains or 
clades or by different cancers in distinct individuals. Thus, where polymorphic regions of a pathogen 
of interest are involved, it is generally desirable to use additional sets of peptides covering the 
variation in amino acid residue at the polymorphic site. 

[0078] The peptides of the invention may be of any suitable size that can be utilised to elicit an 
immune response to a polypeptide of interest. A number of factors can influence the choice of peptide 
size. For example, the size of a peptide can be chosen such that it includes, or corresponds to the size 
of, CD4+ T cell epitopes, CD8+ T cell epitopes and/or B cell epitopes, and their processing 
requirements. Practitioners in the art will recognise that class I-restricted CD8+ T cell epitopes are 
typically between 8 and 10 amino acid residues in length and if placed next to unnatural flanking 
residues, such epitopes can generally require 2 to 3 natural flanking amino acid residues to ensure that 
they are efficiently processed and presented. Class H-restricted CD4+ T cell epitopes usually range 
between 12 and 25 amino acid residues in length and may not require natural flanking residues for 
efficient proteolytic processing although it is believed that natural flanking residues may play a role. 
Another important feature of class H-restricted epitopes is that they generally contain a core of 9-10 
amino acid residues in the middle which bind specifically to class H MHC molecules with- flanking 
sequences either side of this core stabilising binding by associating with conserved structures on either 
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side of class H MHC antigens in a sequence independent manner. Thus the functional region of class 
n-restricted epitopes is typically less than about 15 amino acid residues long. The size of linear B cell 
epitopes and the factors effecting their processing, like class H-reslricted epitopes, are quite variable 
although such epitopes are frequently smaller in size than 15 amino acid residues. From the foregoing, 

5 it is advantageous, but not essential, that the size of the peptide is at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 
15, 20, 25, 30 amino acid residues. Suitably, the size of the peptide is no more than about 500, 200, 
100, 80, 60, 50, 40 amino acid residues. In one embodiment, the size of the peptide is large enough to 
minimise loss of T cell and/or B cell epitopes. In another embodiment, the size of the peptide is 
sufficient for presentation by an antigen-presenting cell of a T cell and/or a B cell epitope contained 

10 within the peptide. In one example of this embodiment, the size of the peptide is about 15 amino acid 
residues. 

[0079] The polypeptide of interest is suitably a disease- or condition-associated antigen, which 
may be selected from endogenous antigens produced by an individual or exogenous antigens that are 
foreign to the individual. Suitable endogenous antigens include, but are not restricted to, self-antigens 

15 that are targets of autoimmune responses as well as cancer or tumour antigens. Illustrative examples of 
self antigens useful in the treatment or prevention of autoimmune disorders include, but not limited to, 
diabetes mellitus, arthritis (including rheumatoid arthritis, juvenile rheumatoid arthritis, 
osteoarthritis, psoriasic arthritis), multiple sclerosis, myasthenia gravis, systemic lupus 
erythematosis, autoimmune thyroiditis, dermatitis (including atopic dermatitis and eczematous 

20 dermatitis), psoriasis, Sjogren's Syndrome, including keratoconjunctivitis sicca secondary to 
SjSgren's Syndrome, alopecia areata, allergic responses due to arthropod bite reactions, Crohn's 
disease, ulcer, iritis, conjunctivitis, keratoconjunctivitis, ulcerative colitis, asthma, allergic asthma, 
cutaneous lupus erythematosus, scleroderma, vaginitis, proctitis, drug eruptions, leprosy reversal 
reactions, erythema nodosum leprosum, autoimmune uveitis, allergic encephalomyelitis, acute 

25 necrotizing haemorrhagic encephalopathy, idiopathic bilateral progressive sensorineural hearing 
loss, aplastic anaemia, pure red cell anaemia, idiopathic thrombocytopenia, polychondritis, 
Wegener's granulomatosis, chronic active hepatitis, Stevens-Johnson syndrome, idiopathic sprue, 
lichen planus, Graves ophthalmopathy, sarcoidosis, primary biliary cirrhosis, uveitis posterior, and 
interstitial lung fibrosis. Other autoantigens include those derived from nucleosomes for the 

30 treatment of systemic lupus erythematosus (e.g., GenBank Accession No. D28394; Bruggen et al., 
1996, Ann. Med. Interne (Paris), 147:485-489) and from the 44,000 Da peptide component of ocular 
tissue cross-reactive with O. volvulus antigen (McKeclmie et al., 1993, Ann Trop. Med. Parasitol. 
87:649-652). Thus, illustrative autoantigens antigens mat can be used in the compositions and 
methods of the present invention include, but are not limited to, at least a portion of a lupus 

35 autoantigen, Smith, Ro, La, Ul-RNP, fibrillin (scleroderma), pancreatic 0 cell antigens, GAD65 
(diabetes related), insulin, myelin basic protein, myelin proteolipid protein, histones, PLP, collagen, 
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glucose-6-phosphate isomerase, citrullinated proteins and peptides, thyroid antigens, thyroglobulin, 
thyroid-stimulating hormone (TSH) receptor, various tRNA synthetases, components of the acetyl 
choline receptor (AchR), MOG, proteinase-3, myeloperoxidase, epidermal cadherin, acetyl choline 
receptor, platelet antigens, nucleic acids, nucleic acid:protein complexes, joint antigens, antigens of 
the nervous system, salivary gland proteins, skin antigens, kidney antigens, heart antigens, lung 
antigens, eye antigens, erythrocyte antigens, liver antigens and stomach antigens. 

[0080] Non-limiting examples of cancer or tumour antigens include antigens from a cancer or 
tumour selected from ABL1 protooncogene, AIDS Related Cancers, Acoustic Neuroma, Acute 
Lymphocytic Leukaemia, Acute Myeloid Leukaemia, Adenocystic carcinoma, Adrenocortical Cancer, 
Agnogenic myeloid metaplasia, Alopecia, Alveolar soft-part sarcoma, Anal cancer, Angiosarcoma! 
Aplastic Anaemia, Astrocytoma, Ataxia-telangiectasia, Basal Cell Carcinoma (Skin), Bladder Cancer, 
Bone Cancers, Bowel cancer, Brain Stem Glioma, Brain and CNS Tumours, Breast Cancer, CNS 
tumours, Carcinoid Tumours, Cervical Cancer, Childhood Brain Tumours, Childhood Cancer, 
Childhood Leukaemia, Childhood Soft Tissue Sarcoma, Chondrosarcoma, Choriocarcinoma, Chronic 
Lymphocytic Leukaemia, Chronic Myeloid Leukaemia, Colorectal Cancers, Cutaneous TrCell 
Lymphoma, Dermatofibrosarcoma-protuberans, Desmoplastic-Small-Round-Cell-Tumour, Ductal 
Carcinoma, Endocrine Cancers, Endometrial Cancer, Ependymoma, Esophageal Cancer, Ewing's 
Sarcoma, Extra-Hepatic Bile Duct Cancer, Eye Cancer, Eye: Melanoma, Retinoblastoma, Fallopian 
Tube cancer, Fanconi Anaemia, Fibrosarcoma, Gall Bladder Cancer, Gastric Cancer, Gastrointestinal 
Cancers, Gastrointestinal-Carcinoid-Tumour, Genitourinary Cancers, Germ Cell Tumours, 
Gestational-Trophoblastic-Disease, Glioma, Gynaecological Cancers, Haematological Malignancies, 
Hairy Cell Leukaemia, Head and Neck Cancer, Hepatocellular Cancer, Hereditary Breast Cancer, 
Histiocytosis, Hodgkin's Disease, Human Papillomavirus, Hydatidiform mole, Hypercalcemia, 
Hypopharynx Cancer, IntraOcular Melanoma, Islet cell cancer, Kaposi's sarcoma, Kidney Cancer, 
Langerhan's-Cell-Histiocytosis, Laryngeal Cancer, Leiomyosarcoma, Leukaemia, Li-Fraumeni 
Syndrome, Lip Cancer, Liposarcoma, Liver Cancer, Lung Cancer, Lymphedema, Lymphoma, 
Hodgkin's Lymphoma, Non-Hodgkin's Lymphoma, Male Breast Cancer, Malignant-Rhabdoid- 
Tumour-of-Kidney, Medulloblastoma, Melanoma, Merkel Cell Cancer, Mesothelioma, Metastatic 
Cancer, Mouth Cancer, Multiple Endocrine Neoplasia, Mycosis Fungoides, Myelodysplasia 
Syndromes, Myeloma, Myeloproliferative Disorders, Nasal Cancer, Nasopharyngeal Cancer, 
Nephroblastoma, Neuroblastoma, Neurofibromatosis, Nijmegen Breakage Syndrome, Non-Melanoma 
Skin Cancer, Non-Small-Cell-Lung-Cancer-(NSCLC), Ocular Cancers, Oesophageal Cancer, Oral 
cavity Cancer, Oropharynx Cancer, Osteosarcoma, Ostomy Ovarian Cancer, Pancreas Cancer, 
Paranasal Cancer, Parathyroid Cancer, Parotid Gland Cancer, Penile Cancer, Peripheral- 
Neuroectodermal-Tumours, Pituitary Cancer, Polycythemia vera, Prostate Cancer, Rare-cancers-and- 
associated-disorders, Renal Cell Carcinoma, Retinoblastoma, Rhabdomyosarcoma, Rothmund- 
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Thomson Syndrome, Salivary Gland Cancer, Sarcoma, Schwannoma, Sezary syndrome, Skin Cancer 
Small Cell Lung Cancer (SCLC), Small Intestine Cancer, Soft Tissue Sarcoma, Spinal Cord Tumours 
Squamou S -Cell-Carcinoma-(skin), Stomach Cancer, Synovial sarcoma, Testicular Cancer, Thymus 
Cancer, Thyroid Cancer, Transitional-Cell-Cancer-(bladder), Transitional<:ell-Cancer-(renal-pelvi S -/. 
5 ureter), Trophoblastic Cancer, Urethral Cancer, Urinary System Cancer, Uroplakins, Uterine sarcoma 
Uterus Cancer, Vaginal Cancer, Vulva Cancer, Waldensfrom's-Macroglobulinemia, Wilms' Tumour' 
In certain embodiments, the cancer or tumour relates to melanoma. Illustrative examples of 
melanoma-related antigens include melanocyte differentiation antigen (e.g., gplOO, MART TRP-l 
Tyros, TRP2, MC1R, MUC1F, MUC1R or a combination thereof) and melanoma-speeific 'antigens 

10 (e.g., BAGE, GAGE-1, gpl00In4, MAGE-1 (e.g., GenBank Accession No. X54156 and AA494311) 
MAGE-3, MAGE4, FRAME, TRP2IN2, NYNSOla, NYNSOlb, LAGE1, P 97 melanoma antigen 
(e.g., GenBank Accession No. M12154) or a combination thereof). Other tumour-specific antigens 
mclude the Ras peptide and P 53 peptide associated with advanced cancers, MUC1-KLH antigen 
associated with breast carcinoma (e.g., GenBank Accession No. J03651), CEA (carcinoembryonic 

15 antigen) associated with colorectal cancer (e.g., GenBank Accession No. X98311), gplOO (e g 
GenBank Accession No. S73003) and the PSA antigen with prostate cancer (e.g., GenBank 
Accession No. X14810). The P 53 gene sequence is known (See e.g., Harris et al, 1986 Mol. Cell. 
Biol. 6:4650-4656) and is deposited with GenBank under Accession No. M14694. 

[0081] Foreign antigens are suitably selected from transplantation antigens, allergens as well as 
20 antigens from pathogenic organisms. Transplantation antigens can be derived from donor cells or 
tissues from e.g., heart, lung, liver, pancreas, kidney, neural graft components, or from the donor 
antigen-presenting cells bearing MHC loaded with self antigen in the absence of exogenous antigen. 
[0082] Non-limiting examples of allergens include Fel d 1 (i.e., the feline skin and salivary gland 
allergen of the domestic cat Felis domesticus, the amino acid sequence of which is disclosed 
25 International Publication WO 91/06571), Der p I, Der p n, Der fl or Der ffl (i.e., the major protein 
allergens from the house dust mite dermatophagoides, the amino acid sequence of which is disclosed 
m International Publication WO 94/24281). Other allergens may be derived, for example from the 
following: grass, tree and weed (including ragweed) pollens; fungi and moulds; foods such as fish, 
shellfish, crab, lobster, peanuts, nuts, wheat gluten, eggs and milk; stinging insects such as bee, wasp! 
and hornet and the chirnomidae (non-biting midges); other insects such as the housefly, fruitfly sheep' 
blow fly, screw worm fly, grain weevil, silkworm, honeybee, non-biting midge larvae, bee moth 
larvae, mealworm, cockroach and larvae of Tenibrio molitor beetle; spiders and mites, including the 
house dust mite; allergens found in the dander, urine, saliva, blood or other bodily fluid of mammals 
such as cat, dog, cow, pig, sheep, horse, rabbit, rat, guinea pig, mouse and gerbil; airborne particulates 
35 in general; latex; and protein detergent additives. 



30 
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[0083] Exemplary pathogenic organisms include, but are not limited to, viruses, bacteria, fungi 
parasites, algae and protozoa and amoebeae. Illustrative examples of viruses include viruses 
responsible for diseases including, but not limited to, measles, mumps, rubella, poliomyelitis, 
hepatitis A, B (e.g., GenBank Accession No. E02707), and C (e.g., GenBank Accession No. 

5 E06890), as well as other hepatitis viruses, influenza, adenovirus (e.g., types 4 and 7), rabies (e.g., 
GenBank Accession No. M34678), yellow fever, Epstein-Barr virus and other herpesviruses such as 
papillomavirus, Ebola virus, influenza virus, Japanese encephalitis (e.g., GenBank Accession No. 
E07883), dengue (e.g., GenBank Accession No. M24444), hantavirus, sendai virus, respiratory 
syncytial virus, othromyxoviruses, vesicular stomatitis virus, visna virus, cytomegalovirus and human 

10 immunodeficiency virus (HIV) (e.g., GenBank Accession No. U18552). Any suitable antigen 
derived from such viruses are useful in the practice of the present invention. For example, 
illustrative retroviral antigens derived from HIV include, but are not limited to, antigens such as 
gene products of the gag, pol, and env genes, the Nef protein, reverse transcriptase, and other HIV 
components. Illustrative examples of hepatitis viral antigens include, but are not limited to, antigens 

1 5 such as the S, M, and L proteins of hepatitis B virus, the pre-S antigen of hepatitis B virus, and other 
hepatitis, e.g., hepatitis A, B, and C, viral components such as hepatitis C viral RNA. Illustrative 
examples of influenza viral antigens include; but are not limited to, antigens such as hemagglutinin 
and neuraminidase and other influenza viral components. Illustrative examples of measles viral 
antigens include, but are not limited to, antigens such as the measles virus fusion protein and other 

20 measles virus components. Illustrative examples of rubella viral antigens include, but are not limited 
to, antigens such as proteins El and E2 and other rubella virus components; rotaviral antigens such 
as VP7sc and other rotaviral components. Illustrative examples of cytomegaloviral antigens include, 
but are not limited to, antigens such as envelope glycoprotein B and other cytomegaloviral antigen 
components. Non-limiting examples of respiratory syncytial viral antigens include antigens such as 

25 the RSV fusion protein, the M2 protein and other respiratory syncytial viral antigen components. 
Illustrative examples of herpes simplex viral, antigens include, but are not limited to, antigens such 
as immediate early proteins, glycoprotein D, and other herpes simplex viral antigen components. 
Non-limiting examples of varicella zoster viral antigens include antigens such as 9PI, gpll, and 
other varicella zoster viral antigen components. Non-limiting examples of Japanese encephalitis 

30 viral antigens include antigens such as proteins E, M-E, M-E-NS 1, NS 1, NS 1-NS2A, 80%E, and 
other Japanese encephalitis viral antigen components. Illustrative examples of rabies viral antigens 
include, but are not limited to, antigens such as rabies glycoprotein, rabies nucleoprotein and other 
rabies viral antigen components. Illustrative examples of papillomavirus antigens include, but are 
not limited to, the LI and L2 capsid proteins as well as the E6/E7 antigens associated with cervical 

35 cancers, See Fundamental Virology, Second Edition, eds. Fields, B.N. and Knipe, D.M., 1991, 
Raven Press, New York, for additional examples of viral antigens. 

-21 - 



WO 2004/108753 



PCT/AU2004/000775 



[00841 Illustrative examples of fungi include Acremonium spp., Aspergillus spp., Basldiobolus 
spp., Bipolaris spp., Blastomyces dermatidis, Candida spp., Cladophialophora carrionii, 
Coccoidiodes immitis, Conidiobolus spp., Cryptococcus spp., Curvularia spp., Epidermophyton spp., 
Exophiala jeanselmei, Exserohilum spp., Fonsecaea compacta, Fonsecaea pedrbsoi, Fusarium 

5 oxysporum, Fusarium solani, Geotrichum candidum, Histoplasma capsulatum var. capsulatum, 
Histoplasma capsulatum var. duboisii, Hortaea werneckii, Lacazia loboi, Lasiodiplodia theobromae, 
Leptosphaeria senegalensis, Madurella grisea, Madurella mycetomatis, Malassezia furfur, 
Microsporum spp., Neotestudina rosatii, Onychocola canadensis, Paracoccidioides brasiliensis, 
Phialophora verrucosa, Piedraia hortae, Piedra iahoitae, Pityriasis versicolor, Pseudallesheria 

10 boydii, Pyrenochaeta romeroi, Rhizopus arrhizus, Scopulariopsis brevicaulis, Scytalidium dimidiatum, 
Sporothrix schenckii, Trichophyton spp., Trichosporon spp., Zygomcete fungi, Absidia corymbifera, 
Rhizomucor pusillus and RJiizopus arrhizus. Thus, illustrative fungal antigens that can be used in the 
compositions and methods of the present invention include, but are not limited to, Candida fungal 
antigen components; histoplasma fungal antigens such as heat shock protein 60 (HSP60) and other 

15 histoplasma fungal antigen components; cryptococcal fungal antigens such as capsular 
polysaccharides and other cryptococcal fungal antigen components; coccidiodes fungal antigens 
such as spherule antigens and other coccidiodes fungal antigen components; and tinea fungal 
antigens such as trichophytin and other coccidiodes fungal antigen components. 

[0085] Illustrative examples of bacteria include bacteria that are responsible for diseases 

20 including, but not restricted to, diphtheria (e.g., Corynebacterium diphtheria), pertussis (e.g., 
Bordetella pertussis, GenBank Accession No. M35274), tetanus (e.g., Clostridium tetani, GenBank 
Accession No. M64353), tuberculosis (e.g., Mycobacterium tuberculosis), bacterial pneumonias 
(e.g., Haemophilus influenzae), cholera (e.g., Vibrio cholerae), anthrax (e.g., Bacillus anthracis), 
typhoid, plague, shigellosis (e.g., Shigella dysenteriae), botulism (e.g., Clostridium botulinum), 

25 salmonellosis (e.g., GenBank Accession No. L03833), peptic ulcers (e.g., Helicobacter pylori), 
Legionnaire's Disease, Lyme disease (e.g., GenBank Accession No. U59487), Other pathogenic 
bacteria include Escherichia coli, Clostridium perfringens, Pseudomonas aeruginosa, Staphylococcus 
aureus and Streptococcus pyogenes. Thus, bacterial antigens which can be used in the compositions 
and methods of the invention include, but are not limited to: pertussis bacterial antigens such as 

30 pertussis toxin, filamentous hemagglutinin, pertactin, F M2, FIM3, adenylate cyclase and other 
pertussis bacterial antigen components; diphtheria bacterial antigens such as diphtheria toxin or 
toxoid and other diphtheria bacterial antigen components; tetanus bacterial antigens such as tetanus 
toxin or toxoid and other tetanus bacterial antigen components, streptococcal bacterial antigens such 
as M proteins and other streptococcal bacterial antigen components; gram-negative bacilli bacterial 

35 antigens such as lipopolysaccharides and other gram-negative bacterial antigen components; 
Mycobacterium tuberculosis bacterial antigens such as mycolic acid, heat shock protein 65 (HSP65), 
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the 30kDa major secreted protein, antigen 85A and other mycobacterial antigen components; 
Helicobacter pylon bacterial antigen components, pneumococcal bacterial antigens such as 
pneumolysm, pneumococcal capsular polysaccharides and other pnermiococcal bacterial antigen 
components; Haemophilus influenza bacterial antigens such as capsular polysaccharides and other 
Haemophilus influenza bacterial antigen components; anthrax bacterial antigens such as anthrax 
protective antigen and other anthrax bacterial antigen components; rickettsiae bacterial antigens 
such as rompA and other rickettsiae bacterial antigen component. Also included with the bacterial 
antigens described herein are any other bacterial, mycobacterial, mycoplasmal, rickettsial, or 
chlamydial antigens. 

10086] Dlustrative examples of protozoa include protozoa that are responsible for diseases 
mcludmg, but not limited to, malaria (e.g., GenBank Accession No. X53832), hookworm 
onchocerciasis (e.g., GenBank Accession No. M27807), schistosomiasis (e.g., GenBank Accession 
No. LOS 198), toxoplasmosis, trypanosomiasis, leishmaniasis, giardiasis (GenBank Accession No 
M33641), amoebiasis, filarial (e.g., GenBank Accession No. J03266), borreliosis, and trichinosis 
Thus, protozoal antigens which can be used in the compositions and methods of the invention 
include, but are not limited to: Plasmodium falciparum antigens such as merozoite surface antigens 
sporozoue surface antigens, circumsporozoite antigens, gametocyte/gamete surface antigens, bloodl 
stage antigen pf 155/RESA and other plasmodial antigen components; toxoplasma antigens such as 
SAG-1, P 30 and other toxoplasmal antigen components; schistosomae antigens such as glutathione- 
s-transferase, paramyosin, and other schistosomal antigen components; leishmania major and other 
leishmamae antigens such as gp63, lipophosphoglycan and its associated protein and other 
leishmanial antigen components; and trypanosoma cruzi antigens such as the 75-77kDa antigen, the 
56kDa antigen and other trypanosomal antigen components. 

[0087] The present invention also contemplates toxin components as antigens. Blustrative 
examples of toxins include, but are not restricted to, staphylococcal enterotoxins, toxic shock 
syndrome toxin; retroviral antigens (e.g., antigens derived from HTV), streptococcal antigens 
staphylococcal enterotoxin-A (SEA), staphylococcal enterotoxin-B (SEB), staphylococcal 
enterotoxin, 3 (SE U3 ), staphylococcal enterotoxin-D (SED), staphylococcal enterotoxin-E (SEE) as 
well as toxins derived from mycoplasma, mycobacterium, and herpes viruses. 

[0088] In one example of the present invention, the size of individual peptides is about 14 or 15 
amino acid residues and the sequence overlap at one or both ends of an individual peptide is about 1 1 
annuo acid residues. However, it will be understood that other suitable peptide sizes and sequence 
overlap sizes are contemplated by the present invention, which can be readily ascertained by persons 
of skill in the art. 
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[0089] It is advantageous but not necessary to utilise the entire sequence of a polypeptide of 
interest for producing a set of overlapping peptides. Typically, at least 30%, 40%, 50%, 60%, 70%, 
80% 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% of the sequence corresponding to a 
polypeptide of interest is used to produce the overlapping peptides of the invention. However, it will 

5 be understood that the more sequence information from a polypeptide of interest that is utilised to 
produce the overlapping peptides, the greater the outbred population coverage will be of the 
overlapping peptides as an immunogen. Suitably, no sequence information from the polypeptide of 
interest is excluded (e.g., because of an apparent lack of immunological epitopes, since more rare or 
subdominant epitopes may be inadvertently missed). If required, hypervariable sequences within a 

1 0 polypeptide of interest can be either excluded from the construction of an overlapping set of peptides, 
or additional sets of peptides covering the polymorphic regions can be conslructed and administered, 
Peptide sequences may include additional sequences mat are not derived from a polypeptide of 
interest. These additional sequences may have various functions, including improving solubility, 
stability or immunogenicity or facilitating purification. Typically, such additional sequences are 

1 5 contained at one or both ends of a respective peptide. 

[0090] Persons of skill in the art will appreciate that when preparing a set of overlapping 
peptides according to the invention, it may be advantageous to use sequence information from a 
plurality of different polypeptides produced by a pathogenic organism or expressed in a cancer. 
Accordingly, in certain embodiments, at least 2, 3, 4, 5, 6, 7, 9, 10, 15, 20 other sets of peptides are 

20 used for the production of the immunomodulating compositions of the invention, wherein the 
sequences of a respective other set of peptides are derived from a distinct polypeptide of interest and 
wherein individual peptides of the respective other set display partial sequence identity or similarity to 
at least one other peptide of a corresponding set of peptides. It is advantageous in this respect to utilise 
as many polypeptides as possible from, or in relation to, a particular source in the construction of sets 

25 of overlapping peptides. Suitably, at least about 30%, 40%, 50%, 60%, 70%, 80% 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, 99%, and desirably 100%, of the polypeptides expressed by the 
source is used in the construction of the corresponding sets of overlapping peptides. Exemplary viral 
polypeptides that can be used for such construction include, but are not restricted to, latent 
polypeptides, regulatory polypeptides or polypeptides expressed early during their replication cycle. 

30 Suitably, polypeptides from a protozoan, bacterium, mycoplasma, fungus or helminth include, but are 
not restricted to, secretory polypeptides, regulatory polypeptides and polypeptides expressed on the 
surface of these organisms. Polypeptides from a cancer or tumour, which can be used for the 
construction of overlapping peptide sets, are suitably cancer-specific polypeptides. 

[0091] Representative overlapping peptide sets for modulating the immune response to simian 
35 immunodeficiency virus (SIV) and/or the chimeric SrV-HTV-1 (SHTV), both of which are known to be 
suitable models for the pathogenic HIV-1 virus in humans, can be based on one or more polypeptides 
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selected from SIV gag, pol, nef or SHTV env as for example presented in Tables 1 to 4. Illustrative 
overlapping peptide sets for modulating the immune response to HTV-1 can be based on one or more 
polypeptides selected from HIV Gag, Nef, Pol, Rev, Tat, Vif, Vpr and Vpu as for example set forth in 
Tables 5 to 12. An illustrative overlapping peptide set for modulating the immune response to HCV la 
5 can be based on the HCV la H77 polyprotein sequence as for example set forth in Table 13. An 
illustrative overlapping peptide set for modulating the immune response to HBV Genotype A can be 
based on all proteins expressed by this genotype and on some portions of proteins expressed from 
Genotypes B/C/D, which display significant variability from Genotype A sequence, as for example set 
form in Table 14. 

10 [0092] The overlapping peptide sets of the invention may be prepared by any suitable procedure 
known to those of skill in the art. For example, the peptide sets can be synthesised conveniently using 
solution synthesis or solid phase synthesis as described, for example, in Chapter 9 of Atherton and 
Shephard (1989, Solid Phase Peptide Synthesis: A Practical Approach. IRL Press, Oxford) and in 
Roberge et a! (1995, Science 269: 202). Syntheses may employ, for example, either *- 

15 butyloxycarbonyl (f-E-oc) or 9-fluorenylmethyloxycarbonyl (Fmoc) chemistries (see Chapter 9.1, of 
Coligan et al, CURRENT PROTOCOLS IN PROTEIN SCIENCE, John Wiley & Sons, Inc. 1995- 
1997; Stewart and Young, 1984, Solid Phase Peptide Synthesis, 2nd ed. Pierce Chemical Co., 
Rockford, 111; and Atherton and Shephard, supra). In specific embodiments, the individual peptides are 
solubilized in DMSO (e.g., 100% pure DMSO) at high concentration (1 mg peptide/10-30 uL DMSO) 

20 so that large pools of peptides do not contain excessive amounts of DMSO when pulsed onto cells. In 
certain advantageous embodiments, one or more peptide sets of the invention, in soluble form, are 
placed into a single container for convenient administration (e.g. a blood tube or vial for ready re- 
infusion) to a subject and such containers are also contemplated by the present invention. 

[0093] Alternatively, individual peptides may be prepared by a procedure including the steps of: 
25 (a) preparing a synthetic construct including a synthetic polynucleotide encoding an individual peptide 
of an overlapping set of peptides, wherein the synthetic polynucleotide is operably linked to a 
regulatory polynucleotide; (b) introducing the synthetic construct into a suitable host cell; (c) culturing 
the host cell to express the synthetic polynucleotide; and (d) isolating the individual peptide. The 
synthetic construct is preferably in the form of an expression vector. For example, the expression 
vector can be a self-replicating extra-chromosomal vector such as a plasmid, or a vector that integrates 
into a host genome. Typically, the regulatory polynucleotide includes, but is not limited to, promoter 
sequences, leader or signal sequences, ribosomal binding sites, transcriptional start and stop 
sequences, franslational start and termination sequences, and enhancer or activator sequences. 
Constitutive or inducible promoters as known in the art are contemplated by the invention. The 
promoters may be either naturally occurring promoters, or hybrid promoters that combine elements of 
more than one promoter. The regulatory polynucleotide will generally be appropriate for the host cell 
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used for expression. Numerous types of appropriate expression vectors and suitable regulatory 
polynucleotides are known in the art for a variety of host cells, hi certain embodiments, the expression 
vector contains a selectable marker gene to allow the selection of transformed host cells. Selection 
genes are well known in the art and will vary with the host cell used. In other embodiments, the 

5 expression vector also includes a nucleic acid sequence that codes for a fusion partner so that an 
individual peptide is expressed as a fusion polypeptide with the fusion partner. The main advantage of 
fusion partners is that they assist identification and/or purification of the fusion polypeptide. 
Exemplary fusion partners include, but are not limited to, glutathione-S-transferase (GST), Fc portion 
of human IgG, maltose binding protein (MBP) and hexahistidine (HIS 6 ), which are particularly useful 

10 for isolation of the fusion polypeptide by affinity chromatography. For the purposes of fusion 
polypeptide purification by affinity chromatography, relevant matrices for affinity chromatography are 
glutathione-, amylose-, and nickel- or cobalt-conjugated resins respectively. Many such matrices are 
available in "kit" form, such as the QIAexpress™ system (Qiagen) useful with (HIS 6 ) fusion partners 
and the Pharmacia GST purification system. In a preferred embodiment, the recombinant 

1 5 polynucleotide is expressed in the commercial vector pFLAG™. . Advantageously, the fusion partners 
also have protease cleavage sites, such as for Factor X a , Thrombin and inteins (protein introns), which 
allow the relevant protease to partially digest the fusion polypeptide of the invention and thereby 
liberate the recombinant polypeptide of the invention therefrom. The liberated peptide can then be 
isolated from the fusion partner by subsequent chromatographic separation. Fusion partners according 

20 to the invention also include within their scope "epitope tags", which are usually short peptide 
sequences for which a specific antibody is available. Well known examples of epitope tags for which 
specific monoclonal antibodies are readily available include c-Myc, influenza virus, haemagglutinin 
and FLAG tags. 

10094] The step of introducing the synthetic construct into the host cell may be achieved using 
25 any suitable technique including transfection, and transformation, the choice of which will be 
dependent on the host cell employed. Such methods are well known to those of skill in the art. The 
peptides of the invention may be produced by culturing a host cell transformed with the synthetic 
construct. The conditions appropriate for protein expression will vary with the choice of expression 
vector and the host cell. This is easily ascertained by one skilled in the art through routine 
experimentation. Suitable host cells for expression may be prokaryotic or eukaryotic. One preferred 
host cell for expression of a polypeptide according to the invention is a bacterium. The bacterium used 
may be Escherichia coli. Alternatively, the host cell may be an insect cell such as, for example, SF9 
cells that may be utilised with a baculovirus expression system. 

10095] The amino acids of the peptides can be any non-naturally occurring or any naturally 
35 occurring amino acid. Examples of unnatural amino acids and derivatives during peptide synthesis 
include but are not limited to, use of 4-amino butyric acid, 6-aminohexanoic acid, 4-amino-3-hydroxy- 
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5-phenylpentanoic acid, 4-amino-3-hydroxy-6-methylheptanoic acid, t-butylglycine, norleucine, 
norvaline, phenylglycine, ornithine, sarcosine, 2-thienyl alanine and/or D-isomers of amino acids. A 
list of unnatural amino acids contemplated by the present invention is shown in TABLE B. 



TABLE B 




a-aminobutyric acid 
a-amino-a-methylbutyrate 
aminocyclopropane-carboxylate 
aminoisobutyric acid 

aminonorbornyl-carboxylate 

cyclohexylalanine 

cyclopentylalanine 

L-N-methylisoleucine 

D-alanine 

D-arginine 

D-aspartic acid 

D-cysteine 

D-glutamate 

D-glutamic acid 

D-histidine 

D-isoleucine 

D-leucine 

D-lysine 

D-methionine 

D-ornithine 

D-phenylalanine 

D-proline 

D-serine 

D-threonine 
D-tryptophan 
D-tyrosine 
D-valine 

D-a-methylalanine 
D-a-methylarginine 
D-a-methylasparagine 
D-a-methylaspartate 



L-N-methylalanine 

L-N-methylarginine 

L-N-methylasparagine 

L-N-methylaspartic acid 

L-N-methylcysteine 

L-N-methylglutamine 

L-N-methylglutamic acid 

L-N-methylhistidine 

L-N-methylleucine 

L-N-methyllysine 

L-N-methylmethionine 

L-N-methylnorleucine 

L-N-methylnorvaline 

L-N-methylornithine 

L-N-methylphenylalanine 

L-N-methylproline 

L-N-medlylserine 

L-N-methylthreonine 

L-N-methyltryptophan 

L-N-methyltyrosine 

L-N-methylvaline 

L-N-methylethylglycine 

L-N-methyl-t-butylglycine 

L-norleucine 

L-norvaline 

a-methyl-aminoisobutyrate 
a-methyl-7-aminobutyrate 
a-methylcyclohexylalanine 
a-methylcylcopentylalanine 
a-methyl-o£-napthylalanine 
a-methylpenicillamine 
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D-a-methylcysteine 


N-(4-aminobutvnizlvcine 


D-a-methylglutamine 


N-f 2 -aminoethvnelvcine 


D-a-methylhistidine 


N-(3 -anunoproDvl^filvcine 


D-a-methylisoleucine 


N-amino-a-methvlbutvrate 


D-a-methylleucine 


ce-napthylalanine 


D-a-methyllysine 


N-benzylglycine 


D-t>methylmethionine 


N-(2-carbamylediyl)glvcine 


D-a-methylornithiine 


N-Ccarbamylmethvltelvcine 


D-a-methylphenylalanine 


N-(2-carboxyethVl)glvcine 


D-ce-methylproline 


N-(carboxymethyl)glvcine 


D-a-methylserine 


N-cvclobutvl elvcine 


D-a-melhylthreonine 


N-c vcloher>tvl erl vein ^ 


D-a-methyltryptophan 


N-cvclohexvlfflvcine 


D-a-methyltyrosine 


N-cvclodecv1 cl ves irie 


L-a-methylleucine 


L-CHnethvllvsine 


L-a-methylmethionine 


L-C£-methvlnorleucine 


L-cnnethylnorvatine 


L-cwnethvlornithine 


L-a-methylphenylalanine 


L-ce-methylproline 


L-GHtnethylserine 


L-a-methylthreonine 


L-ot-methyltryptophan 


L-a-methyltyrosine 


L-<x-methylvaline 


L-N~methylhomophenylalanine 


N-(N-(2,2-diphenylethyl 
carbamylmethyl)glycine 


N-(N-(3,3-diphenylpropyl 
carbamylmetiiyl)glycine 


1 -carboxy-1 -(2,2-diphenyl-ethyl 
amino)cyclopropane 





[0096] The invention also contemplates modifying the peptides of the invention using ordinary 
molecular biological techniques so as to alter their resistance to proteolytic degradation or to optimise 
solubility properties or to render them more suitable as an immunogenic agent. 

3. Antigen-presenting cell embodiments 

[0097] The present invention also discloses the discovery that antigen-presenting cells which 
have been contacted with overlapping peptide sets as described in Section 2 are potent modulators of 
immune responses and are especially useful for raising strong immunogenic responses that can prevent 
or ameliorate the symptoms of a disease or condition of interest. Accordingly, the invention provides a 
process for producing antigen-specific antigen-presenting cells, comprising contacting antigen- 
presenting cells or their precursors with one or more sets of peptides as broadly described above for a 
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time and under conditions sufficient for the peptides or processed forms thereof to be presented by the 
antigen-presenting cells or their precursors, and in the case of precursors, culturing the precursors for a 
time and under conditions sufficient to differentiate antigen-presenting cells from the precursors. 

10098] The present inventors have also found unexpectedly that, in contrast to current dogma, it 

5 is not necessary to culture or activate purified antigen-presenting cells to increase their number or 
efficiency before loading them with antigen for effective modulation of an immune response to the 
antigen in a recipient of ihose cells. Instead, the present inventors have discovered that an uncultured 
population of antigen-presenting cells or their precursors, which have not been subjected to activating 
conditions, when contacted with an antigen that corresponds to a target antigen of interest is sufficient 

10 to effectively modulate an immune response to the target antigen in a recipient of the contacted 
population. Accordingly, in another aspect, the present invention provides a process for producing 
antigen-specific antigen-presenting cells, comprising contacting an uncultured population of antigen- 
presenting cells or their precursors, which have not been subjected to activating conditions, with an 
antigen corresponding to the target antigen for a time and under conditions sufficient for the antigen- 

15 presenting cells or their precursors to express a processed or modified form of the antigen. Illustrative 
examples of the uncultured population of antigen-presenting cells or their precursors include whole 
blood, fresh blood, or fractions thereof such as but not limited to peripheral blood mononuclear cells 
(PMBC), buffy coat fractions of whole blood, packed red cells, irradiated blood, dendritic cells, 
monocytes, macrophages, neutrophils, lymphocytes, natural killer cells and natural killer T cells. In 

20 specific embodiments, the uncultured population of antigen-presenting cells is selected from freshly 
isolated blood or PMBC. In other embodiments, the uncultured population of antigen-presenting cells 
is a necrotic or apoptotic population. Thus, the uncultured population of cells may be contacted with 
antigen and subsequently subjected to necrotic conditions, which lead to irreversible trauma to cells 
(e.g., osmotic shock or exposure to chemical poison such as glutaraldehyde), wherein the cells are 

25 characterised by marked swelling of the mitochondria and cytoplasm, followed by cell destruction and 
autolysis. Alternatively, the uncultured cell population is subjected may be contacted with antigen and 
subsequently subjected to apoptotic conditions.Cells expressing or presenting antigen can be induced 
to undergo apoptosis in vitro or in vivo using a variety of methods known in the art including, but not 
limited to, viral infection, irradiation with ultraviolet light, gamma radiation, steroids, fixing (e.g., with 

30 glutaraldehyde), cytokines or by depriving donor cells of nutrient's in the cell culture medium. Time 
course studies can establish incubation periods sufficient for optimal induction of apoptosis in a 
population of cells. For example, monocytes infected with influenza virus begin to express early 
markers for apoptosis by 6 hours after infection. Examples of specific markers for apoptosis include 
Annexin V, TUNEL+ cells, DNA laddering and uptake of propidium iodide. 

35 [0099] According to this aspect of the present invention, the antigen used to contact the 
population is not limited to the overlapping set of peptides described in Section 2 above but instead 
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encompasses antigens of any biological type including, for example, simple intermediary 
metabolites, sugars, lipids, and hormones as well as macromolecules such as complex 
carbohydrates, phospholipids, nucleic acid molecules and proteinaceous molecules. In illustrative 
examples, the antigen corresponding to the target antigen is selected from whole protein antigens, 
cellular material (e.g., live or inactivated cancer cells), particulate matter such as, but not limited to] 
cell debris, apoptotic cells, lipid aggregates such as liposomes, membranous vehicles, microspheres! 
heat aggregated proteins, virosomes, virus-like particles and whole organisms including, for example, 
bacteria, mycobacteria, viruses, fungi, protozoa or parts thereof. 

[01001 Target antigens may be selected from endogenous antigens produced by a host or 
exogenous antigens that are foreign to the host, as described for example in Section 2. In certain 
embodiments, the antigen corresponding to the target antigen is a proteinaceous antigen. Such antigens 
may be isolated from a natural source or may be prepared by recombinant techniques as known in the 
art. Alternatively, crude antigen preparations can be produced by isolating a sample of a cell 
population or tissue for which a modified immune response is desired, and either lysing the sample or 
subjecting the sample to conditions that will lead to the formation of apoptotic cells (e.g., irradiation 
with ultra violet or with gamma rays, viral infection, cytokines or by depriving cells of nutrients in the 
cell culture medium, incubation with hydrogen peroxide, or with drugs such as dexamethasone, 
ceramide chemotherapeutics and anti-hormonal agents such as Lupron™ or Tamoxifen™). The lysate 
or the apoptotic cells can then be used as a source of crude antigen for use in soluble form or for 
contact with antigen-presenting cells as described in more detail below. 

3.1 Sources of a ntieen-p r esentinpr cells 

10101] The antigen-presenting cells suitably encompass both professional and facultative types 
of antigen-presenting cells. For example, professional antigen-presenting cells include, but are not 
limited to, macrophages, monocytes, cells of myeloid lineage, including monocytic-granulocytic-DC 
precursors, marginal zone Kupffer cells, microglia, T cells, B cells Langerhans cells and dendritic cells 
including interdigitating dendritic cells and follicular dendritic cells. Examples of facultative antigen- 
presenting cells include but are not limited to activated T cells, astrocytes, follicular cells, endothelium 
and fibroblasts. In a preferred embodiment, the antigen-presenting cells are selected from monocytes, 
macrophages, cells of myeloid lineage, dendritic cells or Langerhans cells. 

10102] Antigen-presenting cells or their precursors can be isolated by methods known to those of 
skill in the art. The source of antigen-presenting cell or precursor may differ depending upon the 
antigen-presenting cell required for modulating a specified immune response. In this context, the 
antigen-presenting cell can be selected from dendritic cells, macrophages, monocytes and other cells 
of myeloid lineage. Typically, precursors of antigen-presenting cells can be isolated from any tissue, 
but are most easily isolated from blood, cord blood or bone marrow (Sorg et at, 2001, Exp Hematol 

t 
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29: 1289-1294; Zheng et al, 2000, J Hematother Stem Cell Res 9: 453-464). It is also possible to 
obtain suitable precursors from diseased tissues such as rheumatoid synovial tissue or fluid following 
biopsy or joint tap CThomas et al, 1994, J Immunol 152: 2613-2623; Thomas et al, 1994, J Immunol 
153: 4016-4028). Other examples include, but are not limited to liver, spleen, heart, kidney, gut and 
5 tonsil (Lu et al, 1994, Transplantation 64: 1808-1815; Mcllroy et al, 2001, Blood 97: 3470-3477; 
Vremec et al, 2000, J Immunol 164: 2978-2986; Hart and Fabre, 1981, J Exp Med 154(2): 347-361; 
Hart and McKenzie, 1988, J Exp Med 168(1): 157-170; Pavli et al, 1990, Immunology 70(1): 40-47). 

[0103] Leukocytes isolated directly from tissue provide a major source of antigen-presenting cell 
precursors. Typically, these precursors can only differentiate into antigen-presenting cells by culturing 

10 in the presence or absence of various growth factors ex vivo for at least about 6-9 days. However, in 
some advantageous embodiments of the present invention, antigen-presenting cells or their precursors 
(e.g., in the form of freshly isolated blood or PMBC) are simply isolated from an individual and 
incubated in the presence of antigen and preferably one or more growth factors for much shorter 
periods, e.g., less than about 48, 36, 24, 12, 8, 7, 6, 5, 4, 3 or 2 hours or even less that about 60, 50, 40, 

15 30, 20, 15, 10, 9, 8, 7, 6, 5, 4, 3 or 2 minutes, to produce antigen-specific antigen-presenting cells that 
are effective in raising an immunogenic response to that antigen. 

[0104] In some embodiments, antigen-presenting cell precursors may be differentiated from 
crude mixtures or from partially or substantially purified preparations of precursors. Leukocytes can 
be conveniently purified from blood or bone marrow by density gradient centrifugation using, for 
20 example, Ficoll Hypaque which eliminates neutrophils and red cells (peripheral blood mononuclear 
cells or PBMCs), or by ammonium chloride lysis of red cells fleukocytes or white blood cells). Many 
precursors of antigen-presenting cells are present in peripheral blood as non-proliferating monocytes, 
which can be differentiated into specific antigen-presenting cells, including macrophages and dendritic 
cells, suitably by incubating the precursor in the presence of one or more specific cytokines. 

25 [0105] Tissue-derived precursors such as unfractionated lymph node-derived mononuclear cells, 
precursors of tissue dendritic cells or of Langerhans cells are typically obtained by mincing tissue 
(e.g., basal layer of epidermis) and digesting it with collagenase or dispase followed by density 
gradient separation, or selection of precursors based on their expression of cell surface markers. For 
example, Langerhans cell precursors express CD1 molecules as well as HLA-DR and can be purified 

30 on this basis. 

[0106] In some embodiments, the antigen-presenting cell precursor is a precursor of 
macrophages. Generally these precursors can be obtained from monocytes of any source and can be 
differentiated into macrophages by prolonged incubation in the presence of medium and macrophage 
colony stimulating factor (M-CSF) (Erickson-Miller et al, 1990, Int J Cell Cloning 8: 346-356; 
35 Metcalf and Burgess, 1982, J Cell Physiol 111: 275-283). 
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[0107] lh other embodiments, the antigen presenting cell precursor is a precursor of Langerhans 
cells. Usually, Langerhans cells can be generated from human monocytes or CD34 ; bone marrow 
precursors in the presence of granulocyte/macrophage colony-stimulating factor (GM-CSF), IL- 
4/TNFot and TGFp (Geissmann et al, 1998, J Exp Med 187: 961-966; Strobl et al, 1997, Blood 90: 
1425-1434 Strobl et al, 1997, Adv Exp Med Biol 417: 161-165; Strobl et al, 1996, J Immunol 157- 
1499-1507). 

[0108] In some embodiments, the antigen-presenting cell precursor is a precursor of dendritic 
cells. Several potential dendritic cell precursors can be obtained from peripheral blood, cord blood or 
bone marrow. These include monocytes, CD34 + stem cells, granulocytes, CD33 + CDllc + DC 
precursors, and committed myeloid progenitors - described below. 

[0109] Monocytes. Monocytes can be purified by adherence to plastic for 1 -2 h in the presence 
of tissue culture medium (e.g., RPMI) and serum (e.g., human or foetal calf serum), or in serum-free 
medium (Anton et al., 1998, Scand J Immunol 47: 116-121.; Araki et al, 2001, Br J Haematol 114: 
681-689; Mackensen et al, 2000, Int J Cancer 86: 385-392; Nestle et al, 1998, Nat Med 4: 328-332; 
Romanies/., 1996, J Immunol Meth 196: 137-151; Thurner et al, 1999, J Immunol Methods 223: 1- 
15). Monocytes can also be elutriated from peripheral blood (Garderet et al, 2001, JHematother Stem 
Cell Res 10: 553-567). Monocytes can also be purified by immunoaffmity techniques, including 
immune-magnetic selection, flow cytometric sorting or panning (Araki et al, 2001, supra; Battye and 
Shortman, 1991, Curr. Opin. Immunol. 3: 238-241), with anti-CD14 antibodies to obtain CDM" cells. 
The numbers (and therefore yield) of circulating monocytes can be enhanced by the in vivo use of 
various cytokines including GM-CSF (Groopman et al., 1987, N Engl J Med 317: 593-598; Hill et al, 
1995, JLeukoc Biol 58: 634-642). Monocytes can be differentiated into dendritic cells by prolonged 
incubation in the presence of GM-CSF and IL-4 (Romani et al, 1994, J Exp Med 180: 83-93; Romani 
et al, 1996, supra). A combination of GM-CSF and IL-4 at a concentration of each at between about 
200 to about 2000 U/mL, more preferably between about 500 to about 1000 U/mL and even more 
preferably between about 800 U/mL (GM-CSF) and 1000 U/mL (IL-4) produces significant quantities 
of immature dendritic cells, i.e., antigen-capturing phagocytic dendritic cells. Other cytokines which 
promote differentiation of monocytes into antigen-capturing phagocytic dendritic cells include, for 
example, IL-13. 

[0110] CD34 + stem cells. Dendritic cells can also be generated from CD34 + bone marrow 

derived precursors in the presence of GM-CSF, TNFct ± stem cell factor (SCF, c-WtL), or GM-CSF, 

IL-4 ± flt3L (Bai et al, 2002, Int J Oncol 20: 247-53; Chen et al, 2001, Clin Immunol 98: 280-292; 

Loudovaris et al, 2001, JHematother Stem Cell Res 10: 569-578). CD34 + cells can be derived from a 

bone marrow aspirate or from blood and can be enriched as for monocytes using, for example, 

immunomagnetic selection or immunocolumns (Davis et al, 1994, J Immunol Meth 175: 247-257). 

The proportion of CD34 + cells in blood can be enhanced by the in vivo use of various cytokines 
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deluding 0— commomy) O-CSF, W also flt3L and progenia (Fleming « „,., 200I ^ 
» 943-95,; a 2<m , j Immmol 163i 566 .„ 2; " » 

Hematother Stem Cell Res9:l\\ -720). 

[OUll Other myeloid printer,. Dc ca „ ^ ^ 

progeny m a similar fashion to CD34* stem oeila, in the presence of GM-CSF and IL-4/TNF Such 
myeioid p™ Mtate ^ ^ fc ^ ^ 

flutd (Sanhago-Schwarz « ni, 2001, Jlmnmol 167(3): 17s8 ^ 8) . „ f ^ 

ceO, tnchtdtng ~g dendritic ce„ precursor, and monocytes , b „ ^ ^ 

n!trr 8ranUl ° Cy,e — "^ »~ (G-CSF) or progenipoiem, 

a™-GP, (Hennng « 200., P^ « 2000> mpm . ^ 

Adnnn,,<rabon „, such cytokine* for several days to a human or outer mamma, would enabie much 
larger numbers of precursors ro be derived from peripheral blood or bone manw for In vitro 
nrtuupulaUon. Dendrite cell, can „sn bo generated from peripheral Wood neufrophi! p^ursors in «he 
presence of GhKSF, H.-4 and TNFct (KeHy « 2001, CeU Mo, Bto, (Noitty-fc-gnmd) 47(1)- 43- 
54; Oehler e,a,., 1998, JBxp Me*. lg7(7):,019-2 8) . It should be noted tha, dendritic cells can ah* be 
generated, using similar methods, from acute myeloid leukemia cells (Oehler « al, 2000 Ann 
Hematol 79(7): 355-62). ' 

[0112] Tisane DC precursor, and other source, of APC preens Other method, for DC 
generatton exit* from, for example, thymic precursor in the presence of IL-3 +/. GM-CSF and liver 
DC p™ in the presence of GM-CSF and a collagen matrix. Transformed or immortalised 
dendnttc cell line, may be produced using oncogene, ttuch as ,- m yc as for example described by 

tTT' 1M3 ' '** ^ " 8(6): lm - m - »** «** JL«*»c Biol 

Oo(2): 217-223; Gondae. al., 1 993, B hod 82(9): 2813-2822). 

[0113] Circulating DC precursors. These have been described in human and mouse peripheral 
blood. One can also take advantage of particular cell surface markers for identifying suitable dendritic 
cell precursors. Specifically, various populations of dendritic cell precursors can be identified in blood 
by the expression of CDllc and the absence or low expression of CD14, CD19, CD56 and CD3 

OTDoherty et al., 1994, Immunology 82: 487-493; ODoherty et al, 1993, J Exp Med 178- 1067- 
1078). These cells can also be identified by the cell surface markers CD13 and CD33 (Thomas et al. 
1993, J Immunol 151(12): 6840-6852). A second subset, which lacks CD14, CD19 CD56 and CDs' 
known as plasmacytoid dendritic cell precursors, does not express CDllc, but does express CD123 
0L-3R chain) and HLA-DR (Farkas et al, 2001, Am J Pathol 159: 237-243; Grouard et al. 1997 J 
E*P Med 185: 1101-1111; Rissoan et al, 1999, Science 283: 1183-1186). Most circulating CDllV 
dendritic cell precursors are HLA-DR*, however some precursors may be HLA-DR, The lack of 
MHC class H expression has been clearly demonstrated for peripheral blood dendritic cell precursors 
(del Hoyo et al, 2002, Nature 415: 1043-1047). 
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[0114] Optionally, CD33 + CD14 /1 ° or CDllc^HLA-DR*, lineage marker-negative dendritic cell 
precursors described above can be differentiated into more mature antigen-presenting cells by 
incubation for 18-36 h in culture medium or in monocyte conditioned medium (Thomas et al, 1993, J 
Immunol 151(12): 6840-6852; Thomas and Lipsky, 1994, J Immunol 153: 4016-4028; O'Doherty et 

5 al, 1993, supra). Alternatively, following incubation of peripheral blood non-T cells or unpurified 
PBMC, the mature peripheral blood dendritic cells are characterised by low density and so can be 
purified on density gradients, including metrizamide and Nycodenz (Freudenthal and Steinman, 1990, 
Proc Natl Acad Sci USA 87: 7698-7702; Vremec and Shortman, 1997, J Immunol 159: 565-573), or 
by specific monoclonal antibodies, such as but not limited to the CMRF-44 mAb (Feamley et al., 

10 1999, Blood 93, 728-736; Vuckovic et al, 1998, Exp Hematol 26: 1255-1264). Plasmacytoid dendritic 
cells can be purified directly from peripheral blood on the basis of cell surface markers, and then 
incubated in the presence of IL-3 (Grouard et al, 1997, supra; Rissoan et al, 1999, supra). 
Alternatively, plasmacytoid DC can be derived from density gradients or CMRF-44 selection of 
incubated peripheral blood cells as above. 

15 [0115] In general, for dendritic cells generated from any precursor, when incubated in the 
presence of activation factors such as monocyte-derived cytokines, lipopolysaccharide and DNA 
containing CpG repeats, cytokines such as TNF-a, IL-6, IFN-ce, IL-1/3, necrotic cells, readherence, 
whole bacteria, membrane components, RNA or polylC, immature dendritic cells will become 
activated (Clark, 2002, J Leukoc Biol 71: 388-400; Hacker et al, 2002, Immunology 105: 245-251; 

20 Kaisho and Akira, 2002, Biochim Biophys Acta 1589: 1-13; Koski et al, 2001, Crit Rev Immunol 21: 
179-189). 

[0116] Other methods for isolation, expansion and/or maturation of dendritic cells are described 
for example by Takamizawa et al (1997, J Immunol, 158(5): 2134-2142), Thomas and Lipsky (1994, 
J Immunol, 153(9): 4016-4028), O'Doherty et al (1994, Immunology, 82(3): 487-93), Feamley et al 

25 (1997, Blood, 89(10): 3708-3716), Weissman et al. (1995, Proc Natl Acad Sci USA, 92(3): 826-830), 
Freudenthal and Steinman (1990, Proc Natl Acad Sci USA, 87(19): 7698-7702), Romani et al. (1996, 
J Immunol Methods, 196(2): 137-151), Reddy et al (1997, Blood, 90(9): 3640-3646), Thumher et al 
(1997, Exp Hematol, 25(3): 232-237), Caux et al (1996, J Exp Med, 184(2): 695-706; 1996, Blood, 
87(6): 2376-85), Luft et al (1998, Exp Hematol, 26(6): 489-500; 1998, J Immunol, 161(4): 1947- 

30 1953), Cella et al (1999, J Exp Med, 189(5): 821-829; 1997, Nature, 388(644): 782-787; 1996, J Exp 
Med, 184(2): 747-572), Ahonen et al. (1999, Cell Immunol, 197(1): 62-72) and Piemonti et al (1999, 
J Immunol, 162(11): 6473-6481). 

[0117] In certain embodiments, the antigen-presenting cells or their precursors are in the form of 
a substantially purified population of cells. In other embodiments, the antigen-presenting cells or their 
35 precursors are in the form of a heterogenous pool of cells. Suitably, the substantially purified or 
heterogenous population used to contact an antigen is in cultured or uncultured form as defined herein. 
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In certain advantageous embodiments employing an uncultured population of antigen-presenting cells 
or their precursors, the population can be incubated for short time periods (e.g., as low as about 5, 10, 
15, 20, 20, 40, 50, 60 min) and the contacted population can be infused directly into a recipient 
without further culturing of the cells. This further shortens the processing time to permit potentially 
the harvesting of autologous or syngeneic antigen-presenting cells, treatment of those cells with 
antigen and infusion of the antigen-contacted cells into a patient in a single sitting or day. 

3,2 Delivery of antigen to antigen-presentmp ; t>e11s 

i 

[0118] The delivery of exogenous antigen to antigen-presenting cells can be enhanced by 
methods known to practitioners in the art. For example, several different strategies have been 
developed for delivery of exogenous antigen to the endogenous processing pathway of antigen- 
presenting cells, especially dendritic cells. These methods include insertion of antigen into pH- 
sensitive liposomes (Zhou and Huang, 1994, Immunomethods, 4:229-235), osmotic lysis of pinosomes 
after pinocytic uptake of soluble antigen (Moore et al, 1988, Cell, 54:777-785), coupling of antigens 
to potent adjuvants (Aichele et al, 1990, J. Exp. Med., 171: 1815-1820; Gao et al, 1991, J. Immunol, 
147: 3268-3273; Schulz et al, 1991, Proc. Natl Acad. Sci. USA, 88: 991-993; Kuzu et al, 1993, Euro. 
J. Immunol, 23: 1397-1400; and Jondal et al, 1996, Immunity 5: 295-302) and apoptbtic cell delivery 
of antigen (Albert et al 1998, Nature 392:86-89; Albert et al 1998, Nature Med. 4:1321-1324; and in 
International Publications WO 99/42564 and WO 01/85207). Recombinant bacteria (eg. E. coli) or 
transfected host mammalian cells may be pulsed onto dendritic cells (as particulate antigen, or 
apoptotic bodies respectively) for antigen delivery. Recombinant chimeric virus-like particles (VLPs) 
have also been used as vehicles for delivery of exogenous heterologous antigen to the MHC class I 
processing pathway of a dendritic cell line (Bachmann et al, 1996, Eur. J. Immunol, 26(11): 2595. 
2600). In some embodiments, solubilized antigen (e.g., in DMSO) is incubated with antigen- 
presenting cells. 

[0119] Alternatively, or in addition, an antigen (e.g., a peptide antigen) may be linked to, or 
otherwise associated with, a cytolysin to enhance the transfer of the peptide into the cytosol of an 
antigen-presenting cell of the invention for delivery to the MHC class I pathway. Exemplary 
cytolysins include saponin compounds such as saponin-containing Immune Stimulating Complexes 
(ISCOMs) (see e.g., Cox and Coulter, 1997, Vaccine 15(3): 248-256 and U.S. Patent No. 6,352,697), 
phospholipases (see, e.g., Camilli et al, 1991, J. Exp. Med. 173: 751-754), pore-forming toxmsVe.g.', 
an alpha-toxin), natural cytolysins of gram-positive bacteria, such as listeriolysin O (LLO, e.g., 
Mengaud et al, 1988, Infect. Immun. 56: 766-772 and Portnoy et al, 1992, Infect. Immun. 60: 2710- 
2717), streptolysin O (SLO, e.g., Palmer et al, 1998, Biochemistry 37(8): 2378-2383) and 
perfringolysin O (PFO, e.g., Rossjohn et al, Cell 89(5): 685-692). Where the antigen-presenting cell is 
phagosomal, acid activated cytolysins may be advantageously used. For example, listeriolysin exhibits 
greater pore-forming ability at mildly acidic pH (the pH conditions within the phagosome), thereby 
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facilitating deliveiy of vacuole (including phagosome and endosome) contents to the cytoplasm (see, 
e.g., Portnoy et al., Infect. Immun. 1992, 60: 2710-2717). 

[0120J The amount of antigen to be placed in contact with antigen-presenting cells can be 
determined empirically by persons of skill in the art. The antigen-presenting cells should be exposed to 
me antigen for a period of time sufficient for those cells to present the peptides or processed forms 
thereof for the modulation of T cells. In some advantageous embodiments the antigen-presenting cells 
are incubated in the presence of antigen for less than about 48, 36, 24, 12, 8, 7, 6, 5, 4, 3 or 2 hours or 
even for less that about 60, 50, 40, 30, 20, 15, 10, 9, 8, 7, 6, 5, 4, 3 or 2 minutes). The time and dose of 
peptxdes necessary for the cells to optionally process and present the peptides or their processed forms 
may be determined using pulse-chase protocols in which exposure to peptides is followed by a 
washout period and exposure to a read-out system e.g., antigen reactive T cells. Once the optimal time 
and dose necessary for cells to express the peptides or their processed forms on their surface is 
determined, a protocol may be used to prepare cells and peptides for inducing immunogenic responses 
Those of skill in the art will recognise in this regard that the length of time necessary for an antigen- 
presenting cell to present an antigen on its surface may vary depending on the antigen or form of 
anhgen employed, its dose, and the antigen-presenting cell employed, as well as the conditions under 
wh,ch antigen loading is undertaken. These parameters can be determined by the skilled artisan using 
routine procedures. Efficiency of priming of the antigen-presenting cells can be determined by 
assaying T cell cytotoxic activity in vitro or using antigen-presenting cells as targets of CTLs. Other 
methods known to practitioners in the art, which can detect the presence of antigen on the surface of 
antigen-presenting cells after exposure to one or more of the modified and unmodified antigens, are 
also contemplated by the presented invention. 

[0121J Usually, about 0.1 to 20 ug/mL of antigen {e.g., peptide antigen) to about 1-10 million 
antigen-presenting cells is suitable for producing primed antigen-specific antigen-presenting cells. 
Typically antigen-presenting cells are incubated with antigen for about 1 to 6 hr at 37° C, although it is 
also possible to expose antigen-presenting cells to antigen for the duration of incubation with one or 
more growth factors. As discussed above, the present inventors have shown that successful 
presentation of antigen (e.g., peptide antigen) or their processed forms can be achieved using much 
shorter periods of incubation (e.g., about 5, 10, 15, 20, 30, 40, 50 minutes) using antigen at a 
concentration of about 10-20 ug/mL. 

[0122] If desired, all or a portion of the antigen-presenting cells can be frozen in an appropriate 
cryopreservative solution, until required. For example, the cells may be diluted in an appropriate 
medium, such as one containing 10% of autologous serum + 10% of dimethylsulfoxide in a phosphate 
buffer saline. In certain embodiments, the cells are conserved in a dehydrated form. 
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4. Lymphocyte embodiments 

[0123] The antigen-presenting cells of the invention may be obtained or prepared to contain 
and/or express one or more antigens by any number of means, such that the antigen(s) or processed 
form(s) thereof, is (are) presented by those cells for potential modulation of other immune cells, 
including T lymphocytes and B lymphocytes, and particularly for producing T lymphocytes and B 
lymphocytes that are primed to respond to a specified antigen or group of antigens. In some 
embodiments, the subject antigen-presenting cells are useful for producing primed T lymphocytes to 
an antigen or group of antigens. The efficiency of inducing lymphocytes, especially T lymphocytes, to 
exhibit an immune response to a specified antigen can be determined by any suitable method 
including, but not limited to, assaying T lymphocyte cytolytic activity in vitro using for example 
antigen-specific antigen-presenting cells as targets of antigen-specific cytolytic T lymphocytes (CTL); 
assaying antigen-specific T lymphocyte proliferation (see, e.g., Vollenweider and Groseurth, 1992, J. 
Immunol. Meth. 149: 133-135), measuring B cell response to the antigen using, for example, 
ELISPOT assays, and ELISA assays; interrogating cytokine profiles; or measuring delayed-type 
hypersensitivity (DTH) responses by test of skin reactivity to a specified antigen (see, e.g., Chang et 
al (1993, Cancer Res. 53: 1043-1050). Other methods known to practitioners in the art, which can 
detect the presence of antigen on the surface of antigen-presenting cells after exposure to the antigen, 
are also contemplated by the present invention. 

[0124] Accordingly, the present invention also provides antigen-specific B or T lymphocytes, 
20 especially T lymphocytes, which respond in an antigen-specific fashion to representation of the 
antigen. In some embodiments, antigen-specific T lymphocytes are produced by contacting an antigen- 
presenting cell as defined above with a population of T lymphocytes, which may be obtained from any 
suitable source such as spleen or tonsil/lymph nodes but is preferably obtained from peripheral blood. 
The T lymphocytes can be used as crude preparations or as partially purified or substantially purified 
preparations, which are suitably obtained using standard techniques as, for example, described in 
"Immunochemical Techniques, Part G: Separation and Characterization of Lymphoid Cells" {Meth. in 
Enzymol. 108, Edited by Di Sabato et al, 1984, Academic Press). This includes resetting with sheep 
red blood cells, passage across columns of nylon wool or plastic adherence to deplete adherent cells, 
immunomagnetic or flow cytometric selection using appropriate monoclonal antibodies is known in 
30 the art. 

[0125] The preparation of T lymphocytes is contacted with the antigen-presenting cells of the 
invention for an adequate period of time for priming the T lymphocytes to the antigen or antigens 
presented by those antigen-presenting cells. This period will preferably be at least about 1 day, and up 
to about 5 days. 

35 [0126] In some embodiments, a population of antigen-presenting cells is cultured in the presence 
of a heterogeneous population of T lymphocytes, which is suitably obtained from peripheral blood 
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together with a set of peptides of the invention corresponding to an antigen to which an immune 
response is required. These cells are cultured for a period of time and under conditions sufficient for 
the peptides, or their processed forms, to be presented by the antigen-presenting cells; and the antigen- 
presenting cells to prime a subpopulation of the T lymphocytes to respond to the antigen. 

5. Cell based therapy or prophylaxis 

[0127] The antigen-presenting cells described in Section 3 and the lymphocytes described in 
Section 4 can be administered to a patient, either by themselves or in combination, for modulating an 
immune response, especially for modulating an immune response to one or more cognate antigens 
These cell based compositions are useful, therefore, for treating or preventing a disease or condition as 
noted above. The cells of the invention can be introduced into a patient by any means (e.g., injection), 
which produces the desired immune response to an antigen or group of antigens. The cells may be 
derived from the patient (i.e., autologous cells) or from an individual or individuals who are MHC 
matched or mismatched (i.e., allogeneic) with the patient. Typically, autologous cells are injected back 
into the patient from whom the source cells were obtained. The injection site may be subcutaneous, 
intraperitoneal, intramuscular, intradermal, intravenous or intralymphoid. The cells may be 
administered to a patient already suffering from a disease or condition or who is predisposed to a 
disease or condition in sufficient number to treat or prevent or alleviate the symptoms of the disease or 
condition. The number of cells injected into the patient in need of the treatment or prophylaxis may 
vary depending on inter alia, the antigen or antigens and size of the individual. This number may 
range for example between about 10 3 and 10", and usually between about 10 s and 10 7 cells (e.g., in 
the form blood, PMBC or purified dendritic cells or T lymphocytes). Single or multiple (2, 3, 4 or' 5} 
administrations of the cells can be carried out with cell numbers and pattern being selected by the 
treating physician. The cells should be administered in a pharmaceutically acceptable carrier, which is 
non-toxic to the cells and the individual. Such carrier may be the growth medium in which the cells 
were grown, or any suitable buffering medium such as phosphate buffered saline. The cells may be 
administered alone or as an adjunct therapy in conjunction with other therapeutics known in the art for 
the treatment or prevention of unwanted immune responses for example but not limited to 
glucocorticoids, methotrexate, D-penicillamine, hydroxychloroquine, gold salts, sulfasalazine, TNF- 
alpha or interleukin-1 inhibitors, and/or other forms of specific immunotherapy. 

0 

30 6. Compositions 

[0128] The overlapping sets of peptides described in Sections 2 and the antigen-primed antigen- 
presenting cells described in Section 3 or the lymphocytes described in Section 4 
(therapeutic/prophylactic agents) can be used singly or together as active ingredients for the treatment 
or prophylaxis of various conditions associated with the presence of one or more target polypeptide 
antigens. These therapeutic/prophylactic agents can be administered to a patient either by themselves, 
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or in compositions where they are mixed with a suitable pharmaceutical^ acceptable carrier and/or 
diluent, or an adjuvant. 

[0129] The invention also encompasses a method for stimulating a patient's immune system, and 
preferably for eliciting a humoral and/or cellular immune response to a polypeptide of interest, by 
5 administering to the patient a therapeutic agent or composition as described above. Such stimulation 
may be utilised for the treatment and/or prophylaxis of a disease or condition including, but not 
restricted to, a pathogenic infection (e.g., viral, bacterial, fungal, protozoan) or a cancer. Accordingly, 
the invention contemplates a method for treatment and/or prophylaxis of a disease or condition! 
comprising administering to a patient in need of such treatment a therapeutically/prophylactically 
10 effective amount of a therapeutic agent or composition as broadly described above. 

[0130] Depending on the specific conditions being treated, therapeutic/prophylactic agents may 
be formulated and administered systemically or locally. Techniques for formulation and administration 
may be found in "Remington's Pharmaceutical Sciences," Mack Publishing Co., Easton, Pa., latest 
edition. Suitable routes may, for example, include oral, rectal, transmucosal, or intestinal 
administration; parenteral delivery, including intramuscular, subcutaneous, intramedullary injections, 
as well as intrathecal, direct intraventricular, intravenous, intraperitoneal, intranasal, or intraocular 
injections. For injection, which constitutes one desirable embodiment of the present invention, the 
therapeutic agents of the invention may be formulated in aqueous solutions, preferably in 
physiologically compatible buffers such as Hanks' solution, Ringer's solution, or physiological saline 
buffer. For transmucosal administration, penetrants appropriate to the barrier to be permeated are used 
in the formulation. Such penetrants are generally known in the art. Intra-muscular and subcutaneous 
injection is appropriate, for example, for administration of immunogenic compositions, vaccines and 
DNA vaccines. In certain embodiments of the present invention, the immunogenic compositions are 
administered intravenously. 

25 [0131] The therapeutic/prophylactic agents can be formulated readily using pharmaceutically 
acceptable carriers well known in the art into dosages suitable for oral administration. Such carriers 
enable the compounds of the invention to be formulated in dosage forms such as tablets, pills, 
capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a patient to be 
treated. These carriers may be selected from sugars, starches, cellulose and its derivatives, malt, 
gelatine, talc, calcium sulphate, vegetable oils, synthetic oils, polyols, alginic acid, phosphate buffered 
solutions, emulsifiers, isotonic saline, and pyrogen-free water. 

[0132] Pharmaceutical compositions suitable for use in the present invention include 
compositions wherein the active ingredients are contained in an effective amount to achieve its 
intended purpose. The dose of agent administered to a patient should be sufficient to effect a beneficial 
35 response in the patient over time such as a reduction in the symptoms associated with the condition. 
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The quantity of the therapeutic/prophylactic agent(s) to be administered may depend on the subject to 
be treated inclusive of the age, sex, weight and general health condition thereof, fa this regard precise 
amounts of the therapeutic/prophylactic agent(s) for administration will depend on the judgement of 
the practitioner. In deterrnining the effective amount of the agent to be administered in the treatment or 
prophylaxis of the condition, the physician may evaluate tissue levels of a target antigen and 
progression of the disease or condition. In any event, those of skill in the art may readily determine 
suitable dosages of the therapeutic agents of the invention. 

[0133] Pharmaceutical formulations for parenteral administration include aqueous solutions of 
the active compounds in water-soluble form. Additionally, suspensions of the active compounds may 
be prepared as appropriate oily injection suspensions. Suitable lipophilic solvents or vehicles include 
fatty oils such as sesame oil, or synthetic fatty acid esters, such as ethyl oleate or triglycerides or 
liposomes. Aqueous injection suspensions may contain substances which increase the viscosity of the 
suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension 
may also contain suitable stabilisers or agents which increase the solubility of the compounds to allow 
for the preparation of highly concentrated solutions. 

[0134] Pharmaceutical preparations for oral use can be obtained by combining the active 
compounds with solid excipient, optionally grinding a resulting mixture, and processing the mixture of 
granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable 
excipients are, in particular, fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol- 
cellulose preparations such as., for example, maize starch, wheat starch, rice starch, potato starch, 
gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium 
carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be 
added, such as the cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as 
sodium alginate. Such compositions may be prepared by any of the methods of pharmacy but all 
methods include the step of bringing into association one or more therapeutic agents as described 
above with the carrier which constitutes one or more necessary ingredients. In general, the 
pharmaceutical compositions of the present invention may be manufactured in a manner that is itself 
known, e.g., by means of conventional mixing, dissolving, granulating, dragee-making, levigating, 
emulsifying, encapsulating, entrapping or lyophilising processes. 

[0135] Dragee cores are provided with suitable coatings. For mis purpose, concentrated sugar 
solutions may be used, which may optionally contain gum arabic, talc, polyvinyl pyrrolidone, carbopol 
gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents or- 
solvent mixtures. Dyestuffs or pigments may be added to the tablets or dragee coatings for 
identification or to characterise different combinations of active compound doses. 
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iOW Pharmaceutical which can be used orauy include push-fit cpsuie. made of geUtin, as 
wel. « soft sealed capsules made of gelatin and a pUsudser, such as glycerol or sorbite.. He push-fi, 
capsules can conhdn the active ingredient in admixture with finer auch as lactose, binders such as 

5 rr T" iubrioan,s suoh k te,c ° r na ^ ium ■* ~* * 

capsules, the active compounds may be dtao.ved or suspended in sui,ab,e hqmds, such as taty ofis, 
hqutd paraffin, or hqmd polyethylene glycols. In additkm, stabilisers may be added. 
10137] Dosage forms of the thempeutic agents of the invention may also inch.de injecting or 
unptemg conned releasing devices designed specific^ for .his purpose or outer forms of 
— to « * -his fashion. Combed release of an agen, of the invention 

may be effected by coating the same, for example, win, hydrophobic polymers including acrylic 
resins, waxes, higher anphauc ateohols, pdytatic and po,yg,ycolic acids and certain celhuos. 
derivatives such as hydroxypropylmethyl cellulose. In addition, controlled release may be effected by 
using other polymer matrices, liposomes and/or microspheres. 

10138] Therapoufic agents of the invention may be provided aa sdte with pharnteceuticafiy 
compatible counteriont, Phtmrnmeuticdly compafible salts may be formed with many acids, including 
but no, united «o hydrochloric, sulphuric, accfic, lacfic, tataic, malic, succinic, ate. Salts tend to be 
more soluble in aqueous or other protonic solvents that are me corresponding tree base forms. 
10139] For any compound used in <he method of me invention, the effective dose can be 
estimated initially fiom cel. culture assays. For example, a dose can be formulated in animal models to 
achteve a emulating concentration range that includes me IC50 as determined in cell culture (e g fhe 
concentration of , tea. agen, which achieves a half-maximal reduction in tage, antigen)^ Such 
information can be used to more accurately determine useful doses in humans. 

[0140] Toxicity and therapeutic efficacy of the compounds of the invention can be determined by 
stendard pharmaceutical procedures in cel. cultures or experimental animals, e.g., for determining me 
LD50 the dose lefts! to 50% of the population) and the ED50 (the dose therapeutically effective in 
50 /„ of the population). The dose ratio between toxic and therapeutic effects is the fhempeutic index 
and .. can be expressed as toe ratio ID50/ED50. Compounds ma, exhibit tag. therapeutic indices are 
prefened. The date obtained fiom these cell culture assays and animal snidies can be used in 
formulating a range of dosage for use in human. The dosage of auch compounds lies preferabiy within 
a range of encutatag concentrations Ota include the ED50 with Utile or no toxicity. The dosage may 
vary wrtiun this range depending upm, me dosage form emptoyed and the mute „, administration 
utilised. The exact formulation, route of administration and dosage can be chosen by the individua, 
phystcan m view of the patient's condition, (See for example Fing, « 1975, in "Ibe 
Pharmacological Basis of Therapeutics", Ch. 1 p l). 
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[0141J Dosage amount and interval may be adjusted individually to provide plasma levels of the 
active compound(s) which are sufficient to maintain target antigen-reducing effects or effects that 
ameliorate the disease or condition. Usual patient dosages for systemic administration range from 1- 
2000 mg/day, commonly from 1-250 mg/day, and typically from 10-150 mg/day. Stated in terms of 
5 patient body weight, usual dosages range from 0.02-25 mg/kg/day, commonly from 0.02-3 mg/kg/day, 
typically from 0.2-1.5 mg/kg/day. Stated in terms of patient body surface areas, usual dosages range 
from 0.5-1200 mg/m 2 /day, commonly from 0.5-150 mg/m 2 /day 5 typically from 5-100 mg/m7day. 

[0142] Alternately, one may administer the agent in a local rather than systemic manner, for 
example, via injection of the compound directly into a tissue, often in a depot or sustained release 
10 formulation. Furthermore, one may administer the agent in a targeted drug delivery system, for 
example, in a liposome coated with tissue-specific antibody. The liposomes will be targeted to and 
taken up selectively by the tissue. 

[0143] From the foregoing, it will be appreciated that the agents of the invention may be used as 
therapeutic or prophylactic immunomodulating compositions or vaccines. Accordingly, the invention 
extends to the production of immunomodulating compositions containing as active compounds one or 
more of the therapeutic/prophylactic agents of the invention. Any suitable procedure is contemplated 
for producing such vaccines. Exemplary procedures include, for example, those described in NEW 
GENERATION VACCINES (1997, Levine et al., Marcel Dekker, Inc. New York, Basel Hong Kong). 

10144] Immunomodulating compositions according to the present invention can contain a 
20 physiologically acceptable diluent or excipient such as water, phosphate buffered saline and saline. 
They may also include an adjuvant as is well known in the art. Suitable adjuvants include, but are not 
limited to: surface active substances such as hexadecylamine, octadecylamine, octadecyl amino acid 
esters, lysolecithin, dimethyldioctadecylammonium bromide, N, N-dicoctadecyl-N', N'bis(2- 
hydroxyethyl-propanediamine), methoxyhexadecylglycerol, and pluronic polyols; polyamines such as 
25 pyran, dextransulfate, poly IC carbopol; peptides such as muramyl dipeptide and derivatives, 
dimethylglycine, tuftsin; oil emulsions; and mineral gels such as aluminum phosphate, aluminum 
hydroxide or alum; lymphokines, QuilA and immune stimulating complexes (ISCOMS). 

[0145] The antigen-primed antigen-presenting cells of the invention and antigen-specific T 
lymphocytes generated with these antigen-presenting cells, as described supra, can be used as active 
compounds in immunomodulating compositions for prophylactic or therapeutic applications. In some 
embodiments, the antigen-primed antigen-presenting cells of the invention are useful for generating 
large numbers of CD8 + or CD4+ CTL, for adoptive transfer to immunosuppressed individuals who are 
unable to mount normal immune responses. For example, antigen-specific CD8 + CTL can be 
adoptively transferred for therapeutic purposes in individuals afflicted with HTV infection (Koup et al, 
35 1991, J. Exp. Med., 174: 1593-1600; Carmichael et al, 1993, /. Exp. Med., 177: 249-256; and Johnson 
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et al, 1992, J. Exp. Med., 175: 961-971), malaria (Hill « a/., 1992, Nature, 360: 434-439) and 
mahgnant tumours such as melanoma (Van der Brogen et al., 1991, Science, 254: 1643-1647; and 
Young and Steinman, 1990, J. Exp. Med., 171: 13 15-1332). 

[0146] In other embodiments, the immunomodulating composition of the invention is suitable 
for treatment or prophylaxis of a cancer. Cancers which could be suitably treated in accordance with 
the practices of this invention include cancers associated with a viral infection such as cervical cancer 
(e.g., papillomavirus infection) and Burkitt's lymphoma (e.g., Epstein Barr virus infection). Other 
varus associated cancers include, but are not restricted to, HTLV1 associated leukemia, Non Hodgkins 
lymphoma (EBV), anal cancer, skin cancer (HPV), hepatocellular carcinoma (HBV) and Kaposis 
sarcoma (HHV8). Alternatively, the cancer may be a non-vimlly associated cancer such as but not 
hunted to melanoma, lung cancer, breast cancer, prostate cancer, colon cancer, pancreatic cancer 
stomach cancer, bladder cancer, kidney cancer, post transplant lymphoproliferative disease (PTLD)', 
Hodgkin' s Lymphoma and the like. 

[0147] In still other embodiments, the immunomodulating composition is suitable for treatment 
or prophylaxis of a viral, bacterial or protozoan infection. Viral infections contemplated by the present 
invention include, but are not restricted to, infections caused by HIV, Hepatitis, Influenza, Japanese 
encephahtis virus, Epstein-Barr virus and respiratory syncytial virus. Bacterial infections include, but 
are not restricted to, those caused by Neisseria species, Meningococcal species, Haemophilus species 
Salmonella species, Streptococcal species, Legionella species and Mycobacterium species. Protozoan 
infections encompassed by the invention include, but are not restricted to, those caused by 
Plasmodium species (e.g., malaria), Schistosoma species (e.g., schistosomiasis), Leishmania species, 
Trypanosoma species, Toxoplasma species and Giardia species. 

7. M ethodsfor assessing immunomodulation 

[0148] The effectiveness of the immunisation may be assessed using any suitable technique An 
mdrvidual's capacity to respond to foreign or disease-specific antigens (e.g., viral antigens and cancer 
antigens) may be determined by assessing whether those cells primed to attack such antigens are 
increased in number, activity, and ability to detect and destroy those antigens. Strengm of immune 
response is measured by standard tests including: direct measurement of peripheral blood lymphocytes 
by means known to the art; natural killer cell cytotoxicity assays (see, e.g., Provincial! M. et al (1992 
/. Immunol. Meth. 155: 19-24), cell proliferation assays (see, e.g., Vollenweider, I. and Groseurth P j' 
(1992, J. Immunol. Meth. 149: 133-135), immunoassays of immune cells and subsets (see ' e g 
Loeffler, D. A., et al. (1992, Cytom. 13: 169-174); Rivoltini, L., et al. (1992, Can. Immunol 
Immunother. 34: 241-251); or skin tests for cell-mediated immunity (see, e.g., Chang, A. E. et al 
(1993, Cancer Res. 53: 1043-1050). Alternatively, the efficacy of the immunisation may be monitored 
using one or more techniques including, but not limited to, HLA class I tetramer staining - of both 
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fresh and stimulated PBMCs (see for example Allen et al, supra), proliferation assays (Allen et al., 
supra), ELISPOT assays and intracellular cytokine staining (Allen et al., supra), ELISA Assays - for 
linear B cell responses; and Western blots of cell sample expressing the synthetic polynucleotides. 
Particularly relevant will be the cytokine profile of T cells activated by antigen, and more particularly 
the production and secretion of IFN y, JL-2, RA, TL5, 1L-10, TGF(3 and TNF a. 

[0149] The cytotoxic activity of T lymphocytes, and in particular the ability of cytotoxic T 
lymphocytes to be induced by antigen-presenting cells, may be assessed by any suitable technique 
known to those of skill in the art. For example, a sample comprising T lymphocytes to be assayed for 
cytotoxic activity is obtained and the T lymphocytes are then exposed to antigen-primed antigen- 
presenting cells, which have been caused to present antigen. After an appropriate period of time, 
which may be determined by assessing the cytotoxic activity of a control population of T lymphocyte! 
which are known to be capable of being induced to become cytotoxic cells, the T lymphocytes to be 
assessed are tested for cytotoxic activity in a standard cytotoxic assay. 

10150] The method of assessing CTL activity is particularly useful for evaluating an individual's 
capacity to generate a cytotoxic response against cells expressing tumour or viral antigens. 
Accordingly, this method is useful for evaluating an individual's ability to mount an immune response 
to a cancer or virus. For example, CTL lysis assays may be employed using stimulated splenocytes or 
peripheral blood mononuclear cells (PBMC) on peptide coated or recombinant virus infected cells 
using 5, Cr labelled target cells. Such assays can be performed using for example primate, mouse or 
human cells (Allen et al, 2000, J. Immunol. 164(9): 4968-4978 also Woodbetry et al, infra). In 
addition, CTL activity can be measured in outbred primates using the in vivo detection method 
described in Figure 1.. In this method, autologous cells (e.g., PMBC) are labelled with an optically 
detectable label (e.g., a fluorescent, chemiluminescent or phosphorescent or visual label or dye) and 
are contacted with one ore more peptide sets as disclosed herein. The peptide sets are chosen so that 
they correspond to an antigen which is the subject of a CTL response under test in a subject. The 
autologous cells are infused into the subject and lymphocytes from the subject are harvested after a 
suitable period to permit the subject's immune system sufficient time to respond to the autologous 
cells (e.g., 10 minutes to 24 hours post infusion). The harvested lymphocytes are then analysed to 
identify the number or proportion of lymphocytes which contain or otherwise carry the optically 
detectable label, which represents a measure of the in vivo CTL response to the antigen in the subject. 
[0151] Li order that the invention may be readily understood and put into practical effect, 
particular preferred embodiments will now be described by way of the following non-limiting 
examples. 
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EXAMPLES 



EXAMPLE 1 



In vivo cytotoxic T-Iymphocyte killing 
[0152] The standard measure of virus-specific CTL effector is measured via the release of a 

TT* , ~" m ^ iS Md "»* — ■ "» dye- 

labelled autologous maca,ue PBMC with large poob of SIV and SHTV overlapping peptides (OPAL) 

and mtomg me cells back into the same animal, the inventors were able to kinericaUy show SHIV- 
specfic MUing in blood sampled a« various time-points following the infusion of OPAL by flow 
cytometry. y 

10 10153] Two weeks after Ml immunisation (week 10), fluee of four immunised animals displayed 
moderate to large (, ,.4-76%) killing of gagged PBMC by ,o hours post-OPAL tafcaion, wheL 
eonhoUmmnniaed monkeys displayed <7% gag-specific ki„mg. One immunised animal, monkey 
H20, demonstrated vigorous gag-speciflc Wiling (27.354) as early as 4 hours poat-infuaion (Figme 2) 
These dato were conaiaten. with T eel] responses induced by me vaccines as analyaed by ffNv 

15 ELISpo, and ICS (data no, shown), indicating „ e mMmm of OPAL to measure effecrive CTL 
effector responses primed by the DNA and FPV vaccines. 

a0154] Shortly (2 weeks) after SHIV intrarectal challenge all four immunised animals exhibited 
arge degrees of gag-specific killing (65-98.3o/ o) 16 hours post-OPAL infusion, and two of four 
(monkeys H20 and H21) furfrer demonstrated >99% pol-specific killing (Figure 3). In comparison 

iS6d 3nimaIS ' m0Dkey E2 ° diSplayCd <6% ° f bo * W «* pol-pulsed 

PBMC whereas monkey E22 showed >9 0 o/„ and 31.9% of gag- and pol-pulsed PBMC, respectively 

H^t^t " ta * ** diSPlayCd m ° derate t0 ^ ^ ° f ***** «*■ (-nkeys 
H20, H2 1 and E22) were also the only animals that had previously received 2 doses of infused pol- 

puked PBMC (weeks 10 and 15), whereas monkeys B00, H8 and E20 received pol-pulsed PBMC 
•5 only once prior. Tins observation suggests that the infusion of OPAL may have: (a) boosted pol- 
speegfic T cell responses primed by the vaccines that were weakly or not detected by IFNy ELISpot 
and ICS (data not shown), and; (b) induced pol-specific immunity in naive animals evident post-SHIV 
challenge. 



EXAMPLF, 7 

30 



Analysis of the immnnogenicity induced by infusing peptlde-pulsed autologous cells. 
[0155] It seemed plausible that if ft, vivo CTL killing could be efficiently measured by OPAL 
mfusion, this method may be able to either prime a new or boost an existing immune response. IFNy 
ELISpot and ICS assays were therefore performed prior to- and one week following each OPAL 

AC 
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infusion assay to analyse whether there would be an increase in T cell immunogenicity previously 
pruned by the vaccines or by the OPAL infusion method itself (Figure 4). 

101561 F ° Il0Wing &st OPAL ^ion performed at week 10, a 3- to 16-fold increase in IFNy 
-secretmg cells to SIV gag peptide pool was detected in monkeys H20 and H21, measuring up to 430 
spot-forming cells (Figure 5). Monkey H8 measured a 5 4 o/ 0 increase to 215 spot-forming cells 
whereas no increase was measured in control-immunised animals. Analysis of monkeys BOO (post- 
OPAL infusion) and E20 (pre-OPAL infusion) for all antigens analysed were excluded due to 
developmental problems of the assay. Of the four animals that received pol-pulsing at week 10 
monkeys H20, H21 and E22, displayed increased pol responses by up to 140 spot-forming cells posJ 
OPAL infusion, whereas no significant ELISpot responses were detected in monkey E20 No nef- 
specific T cell was in all animals apparent before or after OPAL-infusion. These results suggest a 
boosting effect in T cell immunogenicity following gag- and pol-peptide pulsing in the animals 
previously primed for SIVgag/pol responses, and furthermore indicate priming for SIVpol in a naive 
animal (monkey E22). 

15 [0157] At week 15, 8 weeks following full immunisation, a second OPAL infusion assay was 
performed in the six animals. ELISpot analyses revealed increased responses to gag peptide pool by up 
to 500 spot-forming cells from approximately 50 or less spot-forming cells prior to OPAL infusion in 
the four animals pre-immunised with DNA and FPV vaccines. In control-immunised animals, no gag- 
specific T cells were measured before or after the assay (Figure 6). In comparison, a slight increase in 
pol-specific responses (up to 40 spot-forming cells)- from baseline was measured in only a few 
animals. Large increased responses to WI SIV were measured in all pre-immunised animals (up to 450 
spot-forming cells), whereas control-immunised animals displayed modest or no increases (up to 50 
spot-forming cells). All responses to SIV nef and SHIV env were minimal or undetected in all animals 
prior to and after OPAL infusion. 

25 [0158] Following SHIV intrarectal challenge, all animals except monkey E20 displayed 
increased gag responses measuring between 50-600 spot-forming cells. Similar responses were 
observed for WI SIV but to levels up to 200 spot-forming cells, whereas pol responses above 50 spot- 
forming cells were only evident in monkey H20. 

[0159] The immunogenicity of OPAL infusion was further verified by comparison to animals 
30 that received the same immunisation regimen but did not receive OPAL infusion (Figure 7). No rise in 
' SIV gag, pol or WI SIV-specific T cells were detected in groups 1 (control-immunised) and 2 (2x 
DNA/FPV-immunised) from weeks 9 to 11 and 15 to 18. Responses from weeks 20 to 21 increased 
slightly the groups, attributable to responses enhanced by SHTV challenge at week 18. 

[0160] The experiments performed on macaques infused with peptide pulsed whole blood also 
35 demonstrated a boost in CD4 + and CD8+ T cell responses to both (a) several parts of SHTV in 
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recipients of SHTV-peptide pulsed blood (Figure 9), (b) 2 pools of HCV peptides spanning the entire 
HCV genome in recipients of HCV-peptide pulsed blood (Figure 10), and (c) a pool of peptides 
spanning known HIV-1 drug resistant mutations in recipients of autologous blood pulsed with HIV-1 
resistant peptides (Figure 11). 



EXAMPLE 3 



15 



Outcome of Smv mn229 intrarectal challenge 
[0161] The highly pathogenic SHTV^ challenge stock was inoculated intrarectally into all 
macaques 10 weeks after full immunisation at a dose of 10 5 TdD 50 . Plasma SHTV KNA and CD4+ T 
cell counts were followed in all control-and 2xDNA/FPV-immunised animals (Figure 8). 

10 [0162] Control-immunised monkeys E20 and E22 exhibited peak viral loads of 7.8±0.7 log 10 
copies/mL at 2 weeks following challenge. The peak viral load of monkey E20 may have occurred 
between week 1 and 2, however, set-point levels of both monkeys (measured Stall weeks post 
challenge) remained high at 5.9±0.3 log 10 copies/mL. Conversely at week 2, CD4+ T cell counts 
dropped dramatically to 1.6±U% of total lymphocytes, and set-point levels were steady at 0.3±0.2%. 
Monkeys that received the same immunisations but no OPAL infusions (group 1) performed only 
marginally worse than monkeys E20 and E22 in terms of peak and set-point viral loads (8.2±0.1 log 10 
copies/mL and 6.2+0.3 log 10 copies/mL), as well as CD4+ counts (set-point 0.5±0.3%). 

Based on the enhanced pol-specific killing that may have been attributed to 2 separate OPAL 
infusions, the SHTV viral loads and CD4+ T cell counts of monkeys H20 and H21 were compared to 
monkeys BOO and H8 that received only 1 dose of pol-OPAL infusions. Peak viral load of monkeys 
H20 and H21 (receiving 2 pol-OPAL infusions) was at least 10-fold lower than monkeys BOO and H8 
(5.9±1.3 vs. 7.1±0.4 log.o copies/mL, JM>.08), and set-point viral load showed a trend towards being 
lower (4.1±0.9 vs. 5.4±0.7 log 10 copies/mL, F=0.08, student's / test). Incidentally, set-point CD4+ T 
cell count for monkeys H20 and H21 was significantly greater than monkeys BOO and H8 (18.9±6.1% 
vs. 8.4%, i*=0.02). Although statistically insignificant in comparison with group 2 animals who 
received the same immunisations but no OPAL infusions (P=0.12), monkeys H20 and H21 that 
received multiple pol-OPAL infusions displayed a trend towards the retainment of CD4+ T cells 
although viral loads were relatively similar, indicative of viral challenge protection. Set-point CD4+ T 
cell count and viral load of group 2 were 13.0±3.7% and 4.8± 0.2 log 10 copies/mL, respectively. 
30 [0163] In comparison to control-immunised monkeys E20 and E22, both set-point viral load and 
CD4+ T cell count of monkeys H20 and H21 were significantly different (P=0.01, P=0.00). The set- 
point viral load of monkeys BOO and H8, on the other hand, was not significantly lower than monkeys 
E20 and E22 (i*=0.37) despite significant set-point levels of CD4+ T cells (P=0.01). Note that monkey 
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H20 had completely cleared plasma viral RNA from week 5 and onwards and retained CD4+ T cells at 
normal levels. 

* 

Discussi on of thf Exampi ^ 
[0164] The vital role for HIV-1 -specific CD4+ T-helper (Th) and CD8+ CTL responses in 
5 controlling HIV-1 replication is the focus of many current vaccine concept, The infusion of 
autologous PBMC pulsed with large overlapping sets of SHIV 15mer peptides (OPAL) was 
surprisingly immunogenic in its ability to boost SHIV-specific immune responses as analysed by IFNy 
ELISpot and ICS assay, This finding forms the potential basis of a novel vaccine or 
lmmunotherapeutic strategy as described herein. 

10 [0165] The evidence for this immunogenicity of peptide-pulsed fresh PBMC was five-fold- (a) 
Increases in SIV gag-specific IFNy ELISpot responses were observed one week after each of the 3 
SIV gag OPAL infusions (week 10, 15, and 20) in all vaccinated monkeys. In contrast, at week 10 and 
15, SIVgag responses in equivalent^ immunised animals (group 2) not receiving the OPAL infusion 
significantly declined, (b) Increases in SIV pol-specific IFNy ELISpot responses were observed in 
immumsed animals one week following the SIV pol infusion at week 10 and 20. Interestingly this was 
observed in only the two monkeys H20 and H21 that received multiple SIV pol OPAL infusions prior 
to SHIV challenge (weeks 10 and 15) and not in animals receiving SIV pol peptide pulsed cells at 
week 15. This is of particular interest since the pol-specific T cell responses to the DNA and FPV 
vaccines alone were modest or undetectable by ELISpot and ICS. (c) High levels of SIV pol-specific 
m vivo killing were also seen in the two monkeys that received 2 prior infusions of SIV pol OPAL 
infusions, (d) This immunogenicity data was further confirmed by high levels of SIV pol-specific IFN 
y intracellular cytokine responses in the two immunised animals receiving the multiple SIV pol OPAL 
mfusions. (e) There was a trend towards greater protection from SHIV challenge in animals receiving 
multiple OPAL infusions. Together, these results suggest that pulsing autologous PBMC ex vivo with 
pools of overlapping peptides is an effective method for boosting immune responses. In addition data 
show that peptide pulsed whole blood can both stimulate T cell responses to several parts of SHW in 
recipients of SHIV-peptide pulsed blood, as well as induce de novo T cell responses to (a) 2 pools of 
HCV peptides spanning the entire HCV genome in recipients of HCV-peptide pulsed blood and (b) a 
pool of peptides spanning known HIV-1 drug resistant mutations in recipients of autologous blood 
30 pulsed with HIV-1 resistant peptides. 

[0166] There is a body of data ascertaining the use of pulsing autologous or syngeneic cells with 
defined peptide epitopes or whole antigen for the induction (or 'cross-priming') of immune responses 
(22, 23, 27, 34, 35). The use of specialised antigen presenting cells such as monocyte-derived dendritic 
cells pulsed with, for example, single tumour antigens or whole inactivated SIV has also been studied 
35 extensively as an immunotherapeutic tool (36-39). However, to the inventors' knowledge this is the 
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first report of utilising large peptide pools spanning an entire protein (125 SIV gag 15mers or 263 SIV 
Pol ISmers) and the use of whole PBMC cultured for short periods ex vivo, as a method of boosting 
immune responses. 

[0167] In one control-immunised animal, monkey E22, which received multiple infusions of 
PMBC pulsed with SIV pol (and SIV gag), a modest induction of SIV gag and SIV pol-specific IFNv 
ELISpot responses was detected. This animal subsequently had high levels of SIV gag- and pol 
specific killing analysed at week 20, presumably from the boosting effect of the SHTV challenge The 
efficiency of priming an immune response by OPAL infusion therefore seems feasible. These data 
were confirmed when whole blood was pulsed with HCV or HIV-1 drug resistant peptides, which 
efficiently induced high levels of CD4 + and CD8+ T cell responses as assessed by ICS. These data 
also demonstrate the feasibility of using whole blood as an antigen-presenting cell (APC) source 
wluch would be more practical than PBMC or other more complex APC preparations (such as 
monocyte-derived dendritic cells) in the field. 

[0168] Further modifications to the OPAL technique, such as the enrichment for APC and/or 
dendntic cells (DC) (40), would potentially enhance the immunogenicity of OPAL infusion as a 
therapeutic vaccine since DC cultured from PBMC of HIV-infected patients (41, 42) and SIV-infected 
annuals (40) can elicit potent T-cell responses. Alternatively, the prospect of using whole blood rather 
than PBMC fractions as a means of delivering OPAL will certainly benefit a clinical setting 
particularly for HIV-infected persons. Furthermore, a smaller whole blood sample may not require as 
high a concentration of peptide since 1 ug/mL is effective /„ vitro for whole blood analysis by ICS It 
xs also conceivable that direct intravenous infection of pooled peptides would mimic the 
immunogenicity of me OPAL effect. The use of consensus HIV-1 clade peptide set, of gag and pol 
offers the broad epitopic breadth desired of an effective therapeutic vaccine for humans The 
immunogenicity of antigens that regulate viral replication, such as rev, tat, vpu, vif and vpr, which are 
poorly immunogenic by current vaccine approaches, should also be improved using this strategy In 
addition, the general method of using blood or PBMC or other uncultured APC-contaming fraction 
directly as an APC source immediately suggests the possibility of pulsing other sources of antigen 
(including but not limited to whole protein, DNA, live vector vaccines or cancer cell preparations) 
onto such APC populations prior to infusion. It is believed that such antigen-loaded cell APC 
populations could be more immunogenic (presumably by binding directly to abundant APCs) than 
admmistenng the antigen by other common methods such as intramuscularly (where few APCs exist) 
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EXAMPLE 4 

Materials Amr> Methods 

Animals 

[01*9) Mate juvrajle , rolony . bKd piglaiw ^ 

, the Csmo Australtan An,ma, Health Laboratory, Cedong. Prior to all prooedures> ^ WMe 

CO mglkg, insularly). Health ^ wm ~ 
momtoreft AM conditions and proton werc approyed by ^ 

University of Melbourne animal ethics committees. 

mi To evaluate whemer the OPAL memod could booa. T eel, responses in animals with pre- 
pnmed responses. T cell responses were induced in macaws by administering 2 DNA vaccls 
-pressing HIV or SIV stoactura, genes foUowed by a FPV boos, vaccine express^ similar 

Z 7 ro7 0USly deSCribe< ' {16) ' ta «■» * ^ce 

rm_la„y („. 5 mL to each anterior quadracep) a, a dose of Img/dose. FPV boos* were delivered 

intramuscularly a dose of 5xl0 7 pfu. 

[M71, Blood was collected in 9 mL Na + Hep™ and 3 mL EDTa vacutainem from me femoral 
v«n of each annual on smdy weeks prior to and after vaocmanon and SHTV challenge. P,aama 
samp.es were removed foftowing cenbiftrgauon (SOOxg, room temperature, RT, 8 mm; Beckman 

^T^Z " " 7 °° C P ' aSma " ^ Hood was 

for RNA exhncbon. Media (RPMM640 supplemented with penicilHn, streptomyoin and 

STTpSTT? eqU " ** *• V ° W ° f « — » *• blood and mixed 

pnor to PBMC taolafton on FicoH-Paque, used according to the manufacturer's instmcuons 

(Ame.ham Pharmacia). PBMC were washed-*™* < 5 00*g, ,, C , Mr,) and responded in 1 mL 

medra for counting (Beckman Coulter Counter®) in prepamhon of innnunological assays. 

Overlappin g peptides 

!l25 721 « T ^ ^ (>80% ^ ° VerlaPPinS by 11 - tao acids I—** *• ^ gag 
(125 peptides), pol (260 peptides) and nef (21 peptides) of SIV „ oan<I «, v on ^ n 

30 SHiy SF162P3 (NUi at™ » , - . ^ _ ' ma ° 239 and w (211 P e P tades > P^tein of 



- \*«"«» were pooled tor 

each protem by solubiHsing each .mg pepbde aliquot in 10-40 pX of DMSO to fmal concenbnbon, 
gag (670 Mg/mL or 730 MUt pol (304 pg/mL), and; nef (4.762 mg/mL), and; ^ 
-v (330 pglmL), stored a, -70" C unti, use. ISmer pepddes overlapping by , , a^no acids spanning 
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the entire HCV open reading frames (NTH AIDS Research and Reference Reagent depository) were 
pooled into 2 pools (HCV1 and HCV2) encompassing the structural and regulatory genes of HCV. 
Non-overlapping 17mer peptides spanning known sites of fflV-l drug resistance mutations were 
specifically designed and purchased from Mimotopes Australia (Figure 12). 

SIV antivens for tn vitro analyses 
[0173] Whole inactivated SIV (WI SIV) and its control (supernatant from Hut78-CLE cell-line 
used to culture the WI SIV) (AIDS Vaccine Program, National Cancer Institute, MD) were stored at - 
70° C until use. 

In vivo cytotox ic Tlvmphocvte killing 
[0174J At weeks 10, 15 and 20 following the initial vaccination, PBMC from the macaques were 
isolated from 40-50 mL blood, as described above. 25 mL sterile injectable saline was infused into the 
animals immediately after blood sampling to prevent hypovolemia. PBMC were resuspended in PBS 
and divided into 3 or 4 equal volumes, 0.5 mL. Cells were pulsed with SIVgag, pol, nef or SHIVenv 
peptide pools (10 ng/mL) or DMSO (volume of equal to the volume of SIVgag), in PBS for 90 min at 
37° C, or on ice, with regular mixing. To subsequently track each peptide-pulsed cell population by 
flow cytometry, each peptide/DMSO-pulsed population was then labelled with a concentration of 
CFSE or SNARF (Molecular Probes). 5 mM CFSE stock in DMSO at-20° C was thawed and diluted 
in PBS. Neat SNARF stock was dissolved in 83 ^LDMSO to make ImM and diluted in PBS. Table 1 
shows the final concentrations of each dye. Cells were mixed thoroughly and stained for 10 min in a 
37° C waterbath, followed by one wash in RF5 then PBS (500xg, 10°C, 6min). All peptide/DMSO- 
pulsed cells for each animal were pooled in 1.5 mL saline for re-infusion into the femoral vein. 3 mL 
blood was sampled from the opposite femoral vein at 5 min, and at 4 and 16hr following infusion. Red 
blood cells were lysed with 10 mL FACS Lysing Solution (BD Biosciences), incubated for lOmin at 
room temp. Cells were pelleted and washed twice with PBS (800xg, RT, 7min), and fixed with 1-2 
mL 2% paraformaldehyde (Figure 1). 

[0175] To determine whether cell populations were being selectively killed, 10 6 events gated live 
lymphocytes were collected by flow cytometry (FACSort Calibre, BD). CFSE and SNARF 
fluorescence were detected by FL1 and FL2 channels, respectively. For analysis, killing was expressed 
as the percentage of target versus control peptide-pulsed cell clearance. In the event of acquiring 
unequal labelled populations by flow cytometry at 5 minutes post-OPAL infusion, the degree of 
killing was subsequently scaled with respect to the initial population ratios obtained at 5 minutes. 
PBMC were also analysed prior to, and following, OPAL-infusion by IFNy ELISpot and ICS to detect 
whether T cell immune responses were enhanced. 
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SHIV challen ge nf macaques 
[0176] To assess the efficacy to the vaccines, each macaque was inoculated intrarectally with 
SHIV^zj (5xl0 4 TCIDso/mL on CD8-depleted M. nemestrina PBMQ in 0.5 mL doses over 2 days 
(total 10 s TCIDso/mL) 1 8 weeks after the initial immunisation, as previously described (32). 

Quantification of viral SHIV RNA hv reverse-transcriptase real-time PHP 
[0177] RNA extraction: To detect SHIV RNA in macaques following SHIV challenge, total 
RNA was initially extracted from stored plasma samples from anti-coagulated blood collected in 
EDTA with QIAamp® Viral RNA commercial kit (Qiagen) as previously described (32). Briefly, 
plasma samples were centrifuged (500x g) RT, lOmin) to remove cells (preventing DNA 
10 contamination). 140 pL plasma RNA coupled to Carrier RNA in Buffer AVL and 96-100% ethanol 
was centrifuged and bound to a filter membrane. 60 p.L RNA was eluted with Buffer AW1 and AW2 
through a spin column. All reagents except ethanol supplied by kit. 

[01781 Reverse-transcriptase PCR: 10 pL RNA was then reverse transcribed into cDNA, in 
duplicate, with the reaction mixture (20 |xL): 2.9 pL RNAse/DNAse-free water (Promega); 3 \iL lOx 

15 TaqMan buffer A (Applied Biosystems); 6 uL MgCl 2 (25nM) (Applied Biosystems); 1 .5 nL Random 
Hexamers (diluted 1/2; Applied Biosystems); 6ul dNTPs (2.5nM; Promega); 1.5 pL; Promega); 0.5 \x 
L Rnasin (40 U/mL; Promega); 0.1 (oL MMLV-RT superscript (200U/mL; Ihvitrogen), for one 
thermal cycle: 25° C (ISmin) -> 42° C (40min) -> 75° C (5min) (GeneAmp PCR System 9700, 
Applied Biosystems). A third test per sample was set up to assess the presence of SHTV DNA 

20 contamination, using the same reaction mix excluding MMLV-RT superscript. SIV RNA standards 
(33) were serially diluted and reverse-transcribed in duplicate (limit of detection, 1500 copies/mL). 

[01791 Real-time PCR: cDNA was amplified with reaction mixture (20 jj.1): 141|ul 

RNAse/DNAse-free water (Promega); 2|xL lOx PCR buffer H (Applied Biosystems); 1 pL MgCl 2 

(Applied Biosystems); 1 pL SL03 SlVgag (20pmoVnL); lpL SL04 SIVgag (20 pmoVDL); 0.3 pL 

25 SL07 molecular beacon 0.5fxL Tag Gold (Applied Biosystems) as previously described (33). Reaction 

temperature was initially raised and held at 95 °C for 10 min to activate Tag Gold enzyme, followed 

by 45 thermal cycles: 95° C (15 sec) -> 55° C (30 sec) 72 °C (30 sec). Real-time analysis was 

performed on amplicon detection at 55° C (30 sec) stages by Sequence Detector software vl.6.3 
(Applied Biosystems). 

30 CD4+ T cell count* 

[0180J To assess the depletion of CD4+ T cells following SHIV challenge, 200 |uL whole blood 
was incubated with 5 pL PE-conjugated anti-human CD3, 5 \iL FITC-conjugated anti-human CD4, 5 
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5 



10 



uL PerCP-conjugated anti-human CDS (clone SP34; L200, and; Leu-2a, respectively; BD 
Pharmmgen) monoclonal antibodies for 20 min in dark, RT. Red blood cells were lysed with 2 mL 
FACS Lysing Solution (BD Biosciences) and fixed as described in method 2.8. 50,000 total events 
were collected by 3-colour FACScan Calibre® and CD4+ and CD8+ T cell counts expressed as the 
percentage of gated lymphocytes. 

Analysis of stimulation or inaction ofSHTV, HCV and uevtide, derived *o m resistant MTV. , SJmiM 

bv the wh ole blood OPAL techniq ue 
[0181] In a separate experiment to assess (a) whether peptide-pulsed whole blood (as compared 
to PBMC which had be used previously) could be effectively used as an immune stimulant and (b) 
whether the OPAL technique could stimulate de novo, un-primed, immune responses, selected SHIV- 
infected macaques were infused with either whole blood pulsed at 5 ug/mL for Ihr with either a series 
of overlapping 15mer SHIV peptides (3 pools) or a series of overlapping 18mer HCV peptides (2 
pools) and a series of non-overlapping 17mer peptides encompassing known mutations induced by 
HrV-1 drugs as illustrated in Figures 9-12. 

15 [0182] The disclosure of every patent, patent application, and publication cited herein is hereby 
incorporated herein by reference in its entirety. 

[0183] The citation of any reference herein should not be construed as an admission that such 
reference is available as "Prior Art" to the instant application. 

[0184] Throughout the specification the aim has been to describe the preferred embodiments of 
20 the invention without limiting the invention to any one embodiment or specific collection of features. 
Those of skill in the art will therefore appreciate that, in light of the instant disclosure, various 
modifications and changes can be made in the particular embodiments exemplified without departing 
. from the scope of the present invention. All such modifications and changes are intended to be 
included within the scope of the appended claims. 
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TABLE 1 

One embodiment of an SIV^* gag peptide pool sequence. Each peptide is 15 amino acids in length 
and overlaps the preceding peptide by 11 amino acids. Peptide 125 is 14 amino acids in length. The 
full-length gag sequence [SEQ ID NO:2184] is modified from the HIV sequence database htto://ht*_ 
web.lanLgov . 



IIP 



i 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 




MGVRNS VLS GKKAJDE 

NSVLSGKKADELEKI 

SGKKADELEKIRLRP 

ADELEKIRLRPNGKK 

EKIRLRPNGKKKYML 

LRPNGKKKYMLKHW 

GKiCKYMLKHVWAAN 

YMLKHVVWAANEIiDR 

HWWAANELDRPGLA 

AANELDRFGLAESLL 

LDRFGIi AES LLENKE 

GLAESLLENKEGCQK 

SIiLENKEGCQKILSV 

NKEGCQKI L S VLAPL 

CQKILSVLAPLVPTG 

IiSVLAPLVPTGSENL 

LSVIAPLVPTGSENL 

PTGSENLKSLYNTVC 

ENLKSLYNTVCVIWC 

SLYNTVCVIWCIHAE 

TVCVIWCIHAEEKVK 

IWCIHAEEKVKHTEE 

HAEEKVKHTEEAKQI 

KVKHTEEAKQIVQRH 

TEEAKQIVQRHIiWE 

KQ I VQRHLWETGTT 

QRHLWETGTTETMP 

WETGTTETMPKTSR 

GTTETMPKTSRPTAP 

TMPKTSRPTAPSSGR 



SEQ ID NO:l 
SEQ ID NO: 2 
SEQ ID NO: 3 
SEQ ID NO: 4 
SEQ ID NO: 5 
SEQ ID NO: 6 
SEQ ID NO: 7 
SEQ ID NO: 8 
SEQ ID NO: 9 
SEQ ID NO: 10 
SEQ ID NO: 11 
SEQ ID NO: 12 
SEQ ID NO: 13 
SEQ ID NO: 14 
SEQ ID NO: 15 
SEQ ID NO: 16 
SEQ ID NO: 17 
SEQ ID NO: 18 
SEQ ID NO: 19 
SEQ ID NO:20 
SEQ ID NO: 21 
SEQ ID NO: 22 
SEQ ID NO: 23 
SEQ ID NO: 24 
SEQ ID NO: 25 
SEQ ID NO:26 
SEQ ID NO: 27 
SEQ ID NO: 28 
SEQ ID NO: 29 
SEQ ID NO: 30 
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60 



TSRPTAPSSGRGGNY 
TAP S S GRGGNYP VQQ 
SGRGGNYPVQQI GGN 
GNYPVQQ I GGNYVHL 
VQQIGGNYVHLPLSP 
GGNYVHIiPLS PRTLN 
VHLPLSPRTIiNAWVK 
LS PRTIiNAWVKL I EE 
TLNAWVKL I EEKKFG 
WVKLIEEKKFGAEW 
IEEKKFGAEWPGFQ 
KFGAEWPGFQALSE 
EWPGFQALSEGCTP 
GFQALSEGCTPYDIN 
LSEGCTPYDINQMLN 
CTPYD INQMLNC VGD 
D INQMLNC VGDHQAA 
MLNCVGDHQAAMQI I 
VGDHQAAWQI IRDI I 
QAAMQ I I RD I INE E A 
QI IRDI INEEAAJDWD 
DI INEEAADWDLQHP 
EEAADWDLQHPQPAP 
DWDLQHPQPAPQQGQ 
QHPQPAPQQGQLREP 
PAPQQGQLREPSGSD 
QGQLREPSGSDIAGT 
REPSGSDIAGTTSSV 
GSDIAGTTSSVDEQI 
AGTTSSVDEQIQWMY 
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61 


SSVDEQIQWMYRQQN 


62 


E Q I Q WMYRQQNP I p V 


63 


WMY RQQNP I PVGNI Y 


64 


QQNPIPVGNIYRRWI 


65 


I PVGNI YRRW I QLGL 


66 


NIYRRWIQLGLQKCV 


67 


RW I QLGLQKC VRMYN 


68 


LGLQKCVRM YNPTN I 


69 


KCVRMYNPTNILDVK 


70 


MYNPTNILDVKQGPK 


71 


TNILDVKQGPKEPFQ 


72 


DVKQGPKEPFQSYVD 


73 


GPKEPFQSYVDRFYK 


74 


PFQSYVDRFYKSLRA 


75 


YVDRFYKSLRAEQTD 


76 


F YKS LRAEQTD AAVK 


77 


LRAEQTDAAVKNWMT 


78 


QTDAAVKNWMTQTLL 


79 


AVKNWMTQTLIi I QNA 


80 


WMTQTLL I QNANPDC 


81 


TLL I QNANPD CKLVL 


82 


QNANPDCKLVLKGLG 


83 


PDCKLVIiKGLGVNPT 


84 


LVIiKGLGVNPTLEEM 


85 


GLGVNPTLEEMIiTAC 


86 


NPTLEEMLTACQGVG 


87 


EEMLTACQGVGGPGQ 


88 


TACQGVGGPGQKARL 


89 


GVGGPGQKARIiMAEA 


90 


PGQKARLMAEALKEA 


91 


ARLMAEALKEAIiAPV 


92 


AEALKEALAPVP I PF 


93 


KE ALAPVP I PFAAAQ 


94 


APVPIPFAAAQQRGP 


95 


I P FAAAQQRGPRKP I 


96 


AAQQRGPRKP I KCWN 


97 


RGPRKP I KCWNCGKE 


98 


KP I KCWNCGKEGHS A 


99 


CWNCGKEGHSARQCR 


100 < 


GKEGHSARQCRAPRR 



SEQ ID NO: 61 
SEQ ID NO: 62 
SEQ ID NO: 63 
SEQ ID NO: 64 
SEQ ID NO: 65 
SEQ ID NO: 66 
SEQ ID NO: 67 
SEQ ID NO: 68 
SEQ ID NO: 69 
SEQ ID NO: 70 
SEQ ID NO: 71 
SEQ ID NO: 72 
SEQ ID NO: 73 
SEQ ID NO: 74 
SEQ ID NO: 75 
SEQ ID NO: 76 
SEQ ID NO: 77 
SEQ ID NO: 78 
SEQ ID NO: 79 
SEQ ID NO: 80 
SEQ ID NO: 81 
SEQ ID NO: 82 
SEQ ID NO: 83 
SEQ ID NO: 84 
SEQ ID NO: 85 
SEQ ID NO: 86 
SEQ ID NO: 87 
SEQ ID NO: 88 
SEQ ID NO: 89 
SEQ ID NO: 90 
SEQ ID NO: 91 
SEQ ID NO: 92 
SEQ ID NO: 93 
SEQ ID NO: 94 
SEQ ID NO: 95 
SEQ ID NO: 96 
SEQ ID NO: 97 
SEQ ID NO: 98 
SEQ ID NO: 99 
SEQ ID NO: 100 




101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 

* 

125 



HSARQCRAPRRQGCW 
QCRAPRRQGCWKCGK 
PRRQGCWKCGKMDHV 
GCWKCGKMDHVMAKC 
CGKJ^DHVMAKCPDRQ 
DHVMAKCPDRQAGFL 
AKCPDRQAGFLGLGP 
DRQAGFLGLGPWGKK 
GFLGLGPWGKKPRNF 
LGPWGKKPRNFPMAQ 
GKKPRNFPMAQVHQG 
RNFPMAQVHQGLMPT 
MAQVHQGLMPTAPPE 
HQGLMPTAPPEDPAV 
MPTAPPEDPAVDLLK 
PPEDPAVDLLKNYMQ 
PAVDLLKNYMQLGKQ 
LLKNYMQLGKQQREK 
YMQLGKQQREKQRES 
GKQQREKQRESREKP 
REKQRESREKPYKEV 
RESREKPYKEVTEDL 
EKPYKEVTEDL.LHLN 
KEVTEDLLHLNSLFG 
EDLLHLNSLFGGDQ 



SEQ ID NO: 101 
SEQ ID NO: 102 
SEQ ID. NO: 103 
SEQ ID NO: 104 
SEQ ID NO: 105 
SEQ ID NO: 106 
SEQ ID NO: 107 
SEQ ID NO: 108 
SEQ ID NO: 109 
SEQ ID NO: 110 
SEQ ID NO: 111 
SEQ ID NO: 112 
SEQ ID NO: 113 
SEQ ID NO: 114 
SEQ ID NO: 115 
SEQ ID NO: 116 
SEQ ID NO: 117 
SEQ ID NO: 118 
SEQ ID NO: 119 
SEQ ID NO: 12 0 
SEQ ID NO: 121 
SEQ ID NO: 122 
SEQ ID NO: 123 
SEQ ID NO: 124 
SEQ ID NO: 125 
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TABLE 2 

One embodiment of an SIV^ pol peptide pool sequence. Each peptide is 15 amino acids in length 
and overlaps the preceding peptide by 11 amino acids. The full-length pol sequence [SEQ ID 
NO:2185] is modified from the HIV sequence database hm://khw»h.bn.i 




l 

2 
3 
4 
5 
6 
7 
8 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 



VLELWERGTIjCKAMQ 

WERGTLCKAMQSPKK 

TLCKAMQS PKKTGML 

AMQSPKKTGMLEMWK 

PKKTGMLEMWKNGPC 

GMLEMWKNGPCYGQM 

MWKNGPCYGQMPRQT 

GPCYGQMPRQTGGFF 

GQMPRQTGGFFRPWS 

RQTGGFFRPWSMGKE 

GFFRPWSMGKEAPQF 

PWSMGKEAPQFPHGS 

GKEAPQFPHGS S ASG 

PQFPHGSSASGADAN 

HGS S AS GADANG S PR 

ASGADANCSPRGPSC 

DANCSPRGPSCGSAK 

SPRGPS CGS AKELHA 

PS CGS AKEIiHAVGQA 

SAKELHAVGQAAERK 

LHAVGQAAERKAERK 

GQAAERKAERKQREA 

ERKAERKQREALQGG 

ERKQREALQGGDRGF 

REALQGGDRGFAAPQ 

QGGDRGFAAPQFSLW 

RGFAAPQFSLWRRPV 

APQFSIjWRRPWTAH 

SLWRRP WTAH I EGQ 

RPWTAHIEGQPVEV 

TAHIEGQPVEVLLDT 

EGQPVEVLLDTGADD 

VEVLLDTGADDS IVT 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO: 126 
NO: 127 
NO: 128 
NO : 12 9 
NO: 130 
NO: 131 
NO: 132 
NO: 133 
NO: 134 
NO: 135 
N0:136 
NO: 137 
N0:138 
N0:139 
NO: 140 
NO: 141 
NO: 142 
NO: 143 
NO: 144 
NO: 145 
NO: 146 
NO: 147 
NO:148 
NO: 149 
NO:150 
NO: 151 
NO: 152 
NO: 153 
NO: 154 
NO: 155 
NO:156 
NO: 157 
NO: 158 







34 


uu l X VTG I EXj 


35 


njJUa X V I GIEJjGPHY 


36 


x v Lis XbXiGPHYTPKI 




x ct u\3 en x T P KI VGG I 


3 a 


r"rtx 1 FJS.XVGGIGGFI 




r j\ x V <jG j. GG F I NTKE 


A ft 


^ X F INTKE YKNV 


A"\ 


var XWTKEYKNVEIEV 


AO 


X ivBxKNVE IEVLGKR 


A1 


aJN vfi X JBVXjGKR I KGT 


A A 


XJi vXiGKRIKGTIMTG 


A K 


vj rut X Jb\3 X X IYITGDTP I • 


A 


JxoIXIVlTGDTPINIFG ! 


A *7 


M 1 GDTP INI FGRNIiIi 


A Q 


TF XNX FGRNLLTAIiG 


A Q 


X r» GRNL>JjTAIjGMSIiN 


o u 


NXiLTALGMS LNF P I A 


m 

O X 


AXivjM b IiNF P I APCVE P 




S XjNFP I akve p vkva 


bi 


P I AKVEPVKVALKPG 




VEPVKVALKPGKDGP 


55 


KVALKPGKDGPKLKQ 


56 


KPGKDGPKLKQWPLS 


57 


DGPKLKQWPLSKEKI 


58 


LKQWPIiSKEKIVALR 


59 


PLSKEKIVALREICE 


60 


EKI VALRE I CEKME K 


61 


ALRE ICEKMEKDGQIi 


62 


I CEKMEKDGQLEEAP 


63 


MEKDGQLEEAPPTNP 


64 


GQLEEAP P TNPYNTP 


65 


EAPPTNPYNTPTFAI 


66 


TNP YNTPTFAI KKKD 



SEQ ID NO: 159 
SEQ ID NO: 160 
SEQ ID NO: 161 
SEQ ID NO: 162 
SEQ ID NO: 163 
SEQ ID NO: 164 
SEQ ID NO: 165 
SEQ ID NO: 166 
SEQ ID NO: 167 
SEQ ID NO: 168 
SEQ ID NO: 169 
SEQ ID NO: 170 
SEQ ID NO: 171 
SEQ ID NO: 172 
SEQ ID NO: 173 
SEQ ID NO: 174 
SEQ ID NO: 175 
SEQ ID NO: 176 
SEQ ID NO: 177 
SEQ ID NO: 178 
SEQ ID NO: 179 
SEQ ID NO: 180 
SEQ ID NO: 181 
SEQ ID NO: 182 
SEQ ID NO: 183 
SEQ ID NO: 184 
SEQ ID NO: 185 
SEQ ID NO: 186 
SEQ ID NO: 187 
SEQ ID NO: 188 
SEQ ID NO: 18 9 
SEQ ID NO: 190 
SEQ ID NO: 191 
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67 
68 
69 
70 
71 
72 
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74 
75 
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83 
84 
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89 
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96 
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101 
102 
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NTPTFAIKKKDKNKW 

FAIKKKDKNKWRMLI 

KKDKNKWRML IDFRE 

NKWRML IDFRELNRV 

MLIDFRELNRVTQDF 

FRELNRVTQDFTEVQ 

NRVTQDFTEVQLGI P 

QD FTE VQLG I PHP AG 

EVQLGIPHPAGLAKR 

GI PHPAGLAKRKRIT 

PAGLAKRKRITVLDI 

AKRKRITVIiDIGDAY 

R I T VLD I GD AYF S I P 

LD IGDAYFS I PLDEE 

DAYFSIPLDEEFRQY 

S I PLDEEFRQYTAFT 

DEEFRQYTAFTLPSV 

RQYTAFTLPSVNNAE 

AFTLPSVNNAEPGKR 

PSVNNAEPGKRYIYK 

NAEPGKRYIYKVLPQ 

GKRYIYKVLPQGWKG 

IYKVLPQGWKGSPAI 

LPQGWKGSPAIFQYT 

WKGSPAIFQYTMRHV 

PAIFQYTMRHVLEPF 

Q YTMRHVLE PFRKAN 

RHVLEPFRKANPDVT 

EPFRKANPDVTLVQY 

KANPD VTLVQ YMDD I 

DVTLVQYMDD I L IAS 

VQYMDDI LI ASDRTD 

DD IL I ASDRTDLEHD 

IASDRTDLEHDRWL 

RTDLEHDRWLQS KE 

EHDRWLQSKELLNS 

WLQSKELLNS IGFS 

SKELLNS IGFSTPEE 

LNSIGFSTPEEKFQK 

GFSTPEEKFQKDPPF 
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NO: 


199 


SEQ 


ID 
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110 
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113 
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117 
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12 8 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 



PEEKFQKDPPFQWMG 
FQKDPPFQWMGYELW 
PPFQWMGYELWPTKW 
WMGYELWPTKWKLQK 
ELWPTKWKLQKIELP 
TKWKLQKIELPQRET 
LQKIELPQRETWTVN 
ELPQRETWTVNDIQK 
RETWTVND I QKLVGV 
T VND I QKL VGVLNWA 
I QKL VGVLNWAAQ I Y 
VGVLNWAAQIYPGIK 
NWAAQ I YPGI KTKHL 
QIYPGIKTKHLCRLI 
GIKTKHLCRLIRGKM 
KHLCRL IRGKMTLTE 
RL I RGKMTLTEE VQW 
GKMTLTEEVQWTEMA 
LTEEVQWTEMAEAEY 
VQWTEMAEAEYEENK 
EMAEAEYEENKI ILS 
AE YEENKI I L S QEQE 
ENKI ILSQEQEGCYY 
ILSQEQEGCYYQEGK 
EQEGCYYQEGKPLEA 
CYYQEGKPLEATVIK 
EGKPLE ATVI KS QDN 
LEATVIKSQDNQWSY 
VIKSQDNQWSYKIHQ 
QDNQWSYKIHQEDKI 
WSYKIHQEDKILKVG 
IHQEDKILKVGKFAK 
DKI LKVGKFAKI KNT 
KVGKFAKI KNTHTNG 
FAKI KNTHTNGVRLL 
KNTHTNGVRLLAHVI 
TNGVRLLAHV I QKIG 
RLLAHVIQKIGKEAI 
HVIQKIGKEAIVIWG 
KIGKEAIVIWGQVPK 



SEQ ID NO: 232 
SEQ ID NO: 233 
SEQ ID NO: 234 
SEQ ID NO: 235 
SEQ ID NO: 236 
SEQ ID NO: 237 
SEQ ID NO: 23 8 
SEQ ID NO: 239 
SEQ ID NO:240 
SEQ ID NO: 241 
SEQ ID NO: 242 
SEQ ID NO: 243 
SEQ ID NO: 244 
SEQ ID NO: 245 
SEQ ID NO: 24 6 
SEQ ID NO: 247 
SEQ ID NO: 248 
SEQ ID NO: 249 
SEQ ID NO: 250 
SEQ ID NO: 251 
SEQ ID NO: 252 
SEQ ID NO: 253 
SEQ ID NO: 254 
SEQ ID NO: 255 
SEQ ID NO: 256 
SEQ ID NO: 257 
SEQ ID NO: 258 
SEQ ID NO: 259 
SEQ ID NO: 260 
SEQ ID NO: 261 
SEQ ID NO: 262 
SEQ ID NO: 263 
SEQ ID NO: 264 
SEQ ID NO: 265 
SEQ ID NO: 266 
SEQ ID NO: 267 
SEQ ID NO: 2 68 
SEQ ID NO: 269 
SEQ ID NO: 270 
SEQ ID NO: 271 



-57- 



WO 2004/108753 



PCT/AU2004/000775 




147 

148 

149 
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151 
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162 
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168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 



EAIVIWGQVPKFHLP 

IWGQVPKPHLPVEKD 

VPKFHLPVEKDVWEQ 

HLPVEKDVWEQWVJTD 

EKDVWEQWWTDYWQV 

WEQ WWTD YWQVTWI P 

WTDYWQVTWI PEWDP 

WQVTWI PEWDF I STP 

WIPEWDFISTPPLVR 

WDFISTPPLVRLVFN 

S TPPL VRLVFNL VKD 

LVRLVFNIjVKDP IEG 

VFNLVKDPIEGEETY 

VKDPIEGEETYYTDG 

IEGEETYYTDGSCNK 

ETYYTDG S CNKQS KE 

TDGS CNKQ S KEGKAG 

CNKQSKEGKAGYITD 

S KEGKAG Y ITDRGKD 

KAGYITDRGKDKVKV 

ITDRGKD KVKVLEQT 

GKDKVKVLEQTTNQQ 

VKVLEQTTNQQAELE 

EQTTNQQAELEAFLM 

NQQAELEAFLMALTD 

ELEAFLMALTDSGPK 

FLMALTDSGPKANI I 

LTDSGPKANI IVDSQ 

GPKANI I VD S Q YVMG 

NI I VDS QYVMG I ITG 

DSQYVMGIITGCPTE 

VMGIITGCPTESESR 

ITGCPTESESRIiVNQ 

PTESESRLVNQIIEE 

ESRLVNQIIEEMIKK 

VNQIIEEMIKKSEIY 

IEEMIKKSEIYVAWV 

I KKS E I YVAWVP AHK 

EIYVAWVPAHKGIGG 

AWVPAHKG IGGNQE I 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ IP 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO:272 

NO:273 

NO: 274 

NO:275 

NO: 276 

NO:277 

NO:278 

NO: 279 

NO:280 

NO:281 

NO: 282 

NO: 283 

NO:284 

NO:285 

NO:286 

NO: 287 

NO:288 

NO:289 

NO:290 

NO:291 

NO:292 

NO:293 

NO: 294 

NO:295 

NO:296 

NO: 2 97 

NO:298 

NO: 299 

NO:300 

NO:301 

NO:302 

NO: 3 03 

NO: 3 04 

NO: 3 05 

NO: 3 06 

NO:307 

NO:308 

NO:309 

NO:310 

NO: 311 



187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 





AHKG I GGNQE IDHLV 

IGGNQEIDHLVSQGI 

QEIDHLVSQGIRQVL 

HLVSQGIRQVLFLEK 

QGIRQVLFLEKIEPA 

QVLFLEKIEPAQEEH 

LEKIEPAQEEHDKYH 

EPAQEEHDKYHSNVK 

EEHDKYHSNVKELVF 

KYHSNVKELVFKFGL 

NVKELVFKFGIiPRIV 

liVFKFGLPRIVARQI 

FGLPRIVARQIVDTC 

RIVARQIVDTCDKCH 

RQ I VDTCDKCHQKGE 

DTCD KCHQKGE AIHG 

KCHQKGEAIHGQANS 

KGEAIHGQANSDLGT 

IHGQANSDLGTWQMD 

ANSDLGTWQMDCTHL 

LGTWQMDCTHLEGKI 

QMDCTHLEGKI I I VA 

THLEGKI I I VAVHVA 

GKI I I VAVHVASGF I 

I VAVHVAS GF I E AE V 

HVASGFIEAEVIPQE 

GF I EAEVI PQETGRQ 

AEVIPQETGRQTALF 

PQETGRQTALFIaLKIi 

GRQTALFLLKIiAGRW 

ALFLLKLAGRWP ITH 

LKLAGRWP I THLHTD 

GRWP I THLHTDNGAN 

I THLHTDNGANFAS Q 

HTDNGANFASQEVKM 

GANFAS QE VKMVAWW 

AS QE VKMVAWWAG I E 

VKMVAWWAGI EHTFG 

AWWAGIEHTFGVPYN 

GIEHTFGVPYNPQSQ 



SEO 


ID 


NO • 

XMW • 




SEO 


ID 


NO • 


O X j 


SEO 


ID 


NO • 


o x*± 


SEO 


ID 

XX ' 


NO • 

XMW • 


.3 13 


SEO 


ID 

X X* 


NO • 

XMW • 




SEO 


ID 


NO ■ 

XMW • 


31/ 


SEO 




NO • 

XMW • 


J X o 


SEO 


TD 

XXV 


NO • 

XMW « 




SEO 


TD 

XL/ 


NO • 

XNW m 


"J *5 


SEO 


TD 

XL/ 


NO • 

XMW » 


7 *3 1 


SEO 

way 


TD 
xxv 


NO • 

XMW » 


o Z 


SEO 


TD 

XJJ 


NO • 

XMVV • 




SEO 


TD 

XXV 


NO • 

XNW • 




SEO 


TD 


NO • 

XMVV ■ 


7 'J K 


SEO 


TD 

XJJ 


NO • 

XMW ■ 




SEO 


TD 

XX/ 


NO • 

XMW • 


•307 


SEO 


TD 

XXV 


NO • 

XMW » 


TOO 
O A O 


SEO 


TD 

XXV 


NO • 

XMW • 




SEO 


TD 

XXV 


NO • 

XMW * 




SEO 


TD 

XXV 


NO • 

XMW • 


7 7 1 
JJl 


SEO 


TD 

XXV 


NO ♦ 

XNW • 


7 7 O 


SEO 


TD 

XXV 


NO ♦ 

XMW • 


J O O 


SEO 


TD 
XIV 


XMW I 


O A 


SEO 


TD 

XXV 


NO • 

xnw : 


7 C 


SEO 


TD 

XXV 


NO • 
XNW • 


1 7 C 


SEO 


TD 

XXV 


XMW * 


*a 7 h 


SEO 


TD 

XXV 


TOO • 

xnw : 


0 0 0 




J-U 


TvTO • 

JMw : 






XXV 


InU : 


1 / 




T~n 
xxv 


JN\J : 


J4l 




XXV 


lMU : 






XXV 


JNJU : 


O A O 




Tn 

XXV 


InO : 


O /I A 




XL) 


JMw : 


O >t c 

345 
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ID 


NO: 


346 


SEQ 


ID 


NO: 


347 
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ID 


NO: 


348 
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ID 


NO: 


349 
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ID 


NO: 


350 
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ID 


NO: 


351 
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227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 



TFGVPYNPQS QG WE 
PYNPQSQGWEAMNH 
QSQGWEAMNHHLKN 
WEAMNHHLKNQIDR 
MNHHLKNQIDRIREQ 
LKNQIDRIREQANSV 
IDRIREQANSVETIV 
REQANS VET I VLMAV 
NSVETIVLMAVHCMN 
TIVLMAVHCMNFKRR 
MAVHCMNFKRRGGIG 
CMNFKRRGGIGDMTP 
KRRGGI GDMTPAERL 
GIGDMTPAERLINMI 
MTPAERLINMITTEQ 
ERLINMITTEQEIQF 
NMITTEQEIQFQQSK 
TEQEIQFQQSKNSKF 
IQFQQSKNSKFKNFR 
QSKNSKFKNFRVYYR 
S KFKNFRVY YREGRD 
NFRVYYREGRDQLWK 
YYREGRDQLWKGPGE 
GRDQLWKGPGELLWK 
LWKGPGELLWKGEGA 
PGELLWKGEGAVI LK 
LWKGEGAVILKVGTD 
EGAVILKVGTDIKW 
I LKVGTD I KWPRRK 
GTD I KWPRRKAKI I 
KWPRRKAKI IKD YG 
RRKAKI IKDYGGGKE 
KI I KDYGGGKEVDS S 
DYGGGKEVDSSSHME 
GKEVDSS SHMEDTGE 
DS S SHMEDTGEAREV 
HMEDTGEAREVA 



SEQ ID NO: 352 
SEQ ID NO: 353 
SEQ ID NO: 354 
SEQ ID NO: 355 
SEQ ID NO: 356 
SEQ ID NO: 357 
SEQ ID NO: 358 
SEQ ID NO: 359 
SEQ ID NO: 3 60 
SEQ ID NO: 361 
SEQ ID NO:362 
SEQ ID NO: 363 
SEQ ID NO: 364 
SEQ ID NO: 365 
SEQ ID NO: 366 
SEQ ID NO: 3 67 
SEQ ID NO: 368 
SEQ ID NO: 3 69 
SEQ ID NO: 370 
SEQ ID NO: 371 
SEQ ID NO: 372 
SEQ ID NO: 373 
SEQ ID NO: 374 
SEQ ID NO: 375 
SEQ ID NO: 376 
SEQ ID NO: 377 
SEQ ID NO: 378 
SEQ ID NO: 379 
SEQ ID NO: 380 
SEQ ID NO: 3 81 
SEQ ID NO: 3 82 
SEQ ID NO: 383 
SEQ ID NO: 3 84 
SEQ ID NO: 385 
SEQ ID NO: 386 
SEQ ID NO: 387 
SEQ ID NO: 388 
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TABLE 3 

One c^odtae* of m slw „ ef ^ ^ ^ ^ 

NO.21 86] is mod,fi e d ftxwntheHIV sequence' database At^v-^ w .„„ 



MGGAISMRRSRPSGD 
I SMRRSRP SGDLRQR 

RSRPSGDLRQRLLRA 
SGDLRQRLLRARGET 
RQRLLRARGETYGRL 
IjRARGETYGRLLGEV 
GETYGRLLGEVEDGY 
GRLLGEVEDGYSQSP 
GEVEDGYSQSPGGLD 
DGYSQS PGGLDKGLS 
QS PGGLDKGLSSLSC 
GLDKGLSSLSCEGQK 
GLSSLSCEGQKYNQG 
LSCEGQKYNQGQYMN 
GQKYNQGQYMNTPWR 
NQGQYMNTPWRNPAE 
YMNTPWRNPAEEREK 
PWRNPAEEREKLAYR 
PAEEREKLAYRKQNM 
REKLAYRKQNMDDID 
A YRKQNMDD IDE 



§ 



SEQ ID NO: 389 
SEQ ID NO: 390 
SEQ ID NO: 391 
SEQ ID NO: 3 92 
SEQ ID NO: 393 
SEQ ID NO: 394 
SEQ ID NO: 395 
SEQ ID NO: 3 96 
SEQ ID NO: 397 
SEQ ID NO: 398 
SEQ ID NO: 399 
SEQ ID NO: 400 
SEQ ID NO: 401 
SEQ ID NO: 402 
SEQ ID NO: 403 
SEQ ID NO; 404 
SEQ ID NO: 405 
SEQ ID NO: 406 
SEQ ID NO: 407 
SEQ ID NO: 408 
SEQ ID NO: 409 
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TABLE 4 

One embodiment of an SHRW* env peptide pool sequence. Each peptide is 15 amino acids in 
length and overlaps the preceding peptide by 1 1 amino acids. Peptide 21 1 is 14 amino acids in length 
*Pe P hde overlaps preceding peptide by 10 amino acids to eliminate a forbidden Q n-terminal peptide 
The full-length env sequence [SEQ ID NO:2187] is modified from the HIV sequence database 
httv://hiv-web. lanl gnv. 




MRVKG IRKNYQHLWR 
GIRKNYQHLWRGGTL 
NYQHLWRGGTLLLGM 
LWRGGTLLLGMLMIC 
GTLLLGMLMICSAVE 
LGMLMICSAVEKLWV 
MI CSAVEKLWVTVYY 
AVEKLWVTVYYGVPA 
LWVTVYYGVPAWKEA 
VYYGVPAWKEATTTL 
VPAWKEATTTLFCAS 
KEATTTLFCASDAKA 
TTLFCASDAKAYDTE 
CASDAKAYDTEVHNV 
AKAYDTEVHNVWATH 
DTEVHNVWATHACVP 
HNVWATHACVPTDPN 
ATHACVPTDPNPQE I 
CVPTDPNPQEIVLEN 
DPNPQE I VXiENVTEN 
PQE I VLENVTENFNM * 
VLENVTENFNMWKNN 
VTENFNMWKNNMVEQ 
FNMWKNNMVEQMHED 
KNNMVEQMHEDIISL 
VEQMHEDI ISLWDQS 
HEDI I SLWDQSLEPC 
ISLWDQSLEPCVKLT 
DQSItEPCVKLTPLCV 
EPCVKLTPLCVTLHC 
KLTPLCVTLHCTNLE 



SEQ ID NO: 410 
SEQ ID NO: 411 
SEQ ID NO: 412 
SEQ ID NO: 413 
SEQ ID NO: 4 14 
SEQ ID NO: 415 
SEQ ID NO: 4 16 
SEQ ID NO: 417 
SEQ ID NO: 4 18 
SEQ ID NO: 419 
SEQ ID NO: 420 
SEQ ID NO: 421 
SEQ ID NO: 422 
SEQ ID NO: 423 
SEQ ID NO: 424 
SEQ ID NO: 425 
SEQ ID NO: 42 6 
SEQ ID NO: 427 
SEQ ID NO: 428 
SEQ ID NO: 429 
SEQ ID NO: 43 0 
SEQ ID NO: 431 
SEQ ID NO: 432 
SEQ ID NO: 433 
SEQ ID NO: 434 
SEQ ID NO: 435 
SEQ ID NO:436 
SEQ ID NO: 43 7 
SEQ ID NO: 43 8 
SEQ ID NO:439 
SEQ ID NO: 440 



LpVTIiHCTNLENATN 
LHCTNLENATNTTSS 
NLENATNTTS SNWKE 
ATNTTS SNWKEMNRG 
TS SNWKEMNRGEIKN 
WKEMNRGE I KNCS FN 
NRGE I KNCS FNVTTS 
IKNCSFNVTTSIGNK 
S FNVTT S I GNKMQKE 
TTS IGNKMQKE YALF 
GNK^QKE YAL F YRLD 
MQKEYALFYRLDWP* 
YALFYRLDWPIDND 
YRLD WP IDNDNTS Y 
WP IDNDNT S YNL IN 
DNDNTSYNLINCNTS 
TSYNLINCNTSVITQ 
LINCNTSVITQACPK 
NTS VITQACPKVS FE 
ITQACPKVSFEPIPI 
CPKVS FEP I P IHYCA 
SFEPIPIHYCAPAGF 
IPIHYCAPAGFAILK 
YCAPAGFAILKCNDK 
AGFAILKCNDKKFNG 
ILKCNDKKFNGSGPC 
NDKKFNGSGPCINVS 
FNGSGPCINVSTVQC 
GPC I NVS TVQ CTHG I 
NVSTVQCTHGIRPW 
VQCTHGIRPWSTQL 
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NO: 4 52 


SEQ 


ID 


NO: 453 
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ID 


NO: 454 
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ID 


NO:455 
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ID 


NO: 456 
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ID 


NO: 457 
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ID 


NO : 458 


SEQ 


ID 


NO:459 


SEQ 


ID 


NO: 460 


SEQ 


ID 


NO: 461 


SEQ 


ID 


NO: 4621 


SEQ 


ID 


NO:4 63| 


SEQ 


ID 


NO: 4641 


SEQ 


ID 


NO:465 


SEQ 


ID 


NO: 466 


SEQ 


ID 


NO: 4671 


SEQ 


ID 


NO: 468 


SEQ 


ID 


NO: 469 


SEQ 


ID 


NO:470| 


SEQ 


ID 


NO:471 
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63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 



HGIRPWSTQLLIjNG 
PWSTQLIiLNGSLAE 
TQLLLNGSLAEEGW 
LNGSLAEEGWIRSE 
LAEEGWIRSENFTD 
GWIRSENFTDNVKT 
RSENFTDNVKTT IVQ 
FTDNVKTI IVQLKES 
VKTIIVQLKESVEIN 
IVQLKESVEINCTRP 
KESVE INCTRPNNNT 
E INCTRPNNNTRKS I 
TRPNNNTRKS I P I GP 
NNTRKS I P IGPGKAF 
KS I P IGPGKAF YATG 
IGPGKAF YATGD I IG 
KAFYATGDI IGDIRQ 

ATGDIIGDIRQAHCN 
IIGDIRQAHCNISGE 
IRQAHCNISGEKWNN 
HCNISGEKWNNTLKQ 
SGEKWNNTLKQIVTK 
WNNTLKQIVTKLQAQ 
LKQIVTKLQAQFENK 
VTKLQAQFENKTIVF 
LQAQFENKTI VFKQS * 
FENKTIVFKQSSGGD 
TIVFKQSSGGDPEIV 
KQSSGGDPEIVMHSF 
GGDPEIVMHSFNCGG 
E I VMHS FNCGGEFFY 
HS FNCGGEFFYCNST 
CGGEFFYCNSTQLFN 
FFYCNSTQLFNSTWN 
NSTQLFNSTWNNTIG 
LFNSTWNNTIGPNNT 
TWNNTIGPNNTNGTI 
TIGPNNTNGTITLPC 
NNTNGTITLPCRIKQ 
GTITLPCRIKQIINR 
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NO: 472 


SEQ 


ID 


NO: 473 
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ID 


N0:474 
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ID 


NO: 475 
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ID 


NO:476 
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NO:477 
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ID 


NO: 478 
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ID 


NO:479 
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ID 


NO:480 
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ID 


NO:481 
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ID 


NO: 482 
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ID 


NO:483 
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ID 


NO:484 
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ID 


NO:485 
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ID 


NO:486 


SEQ 


ID 


NO:487 


SEQ 


ID 


NO:488 


SEQ 


ID 


NO:489 


SEQ 


ID 


NO:490 


SEQ 


ID 


NO:491 


SEQ 


ID 


NO: 492 


SEQ 


ID 


NO:493 


SEQ 


ID 


NO:494 


SEQ 


ID 


NO:495 


SEQ 


ID 


NO: 496 


SEQ 


ID 


NO: 497 


SEQ 


ID 


NO:498 


SEQ 


ID 


NO: 499 


SEQ 


ID 


NO: 500 


SEQ 


ID 


• 

NO:501 


SEQ 


ID 


NO: 502 


SEQ 


ID 


NO: 503 


SEQ 


ID 


NO: 504 


SEQ 


ID 


NO: 505 


SEQ 


ID 


NO:506 


SEQ 


ID 


NO: 507 


SEQ 


ID 


NO: 508 


SEQ 


ID 


NO: 509 


SEQ 


ID 


NO: 510 


SEQ 


ID 


NO: 511 




103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 



LPCRIKQIINRWQEV 
IKQIINRWQEVGKAM 
INRWQEVGKAMYAPP 

WQE VGKAM YAP P I RG * 
GKAJ4YAPPIRGQIRC 
YAPPIRGQIRCSSNI 
IRGQIRCSSNITGLL 
IRCSSNITGLLLTRD 
SNITGLLLTRDGGRE 
GLLLTRDGGREVGNT 
TRDGGREVGNTTE I F 
GREVGNTTE I FRPGG 
GNTTE I FRPGGGDMR 
E I FRPGGGDMRDNWR 
PGGGDMRDNWRSELY 
DMRDNWRSELYKYKV 
NWRSEIiYKYKWKI E 
EL YKYKWKI EPLGV 
YKWKIEPIiGVAPTK 
KI EPLGVAPTKAKRR 
LGVAPTKAKRRWQR 
PTKAKRRWQREKRA 
KRRWQREKRAVTLG 
VQREKRAVTLGAVFL 
KRAVTLGAVFLGFLG 
TLGAVFLGFLGAAGS 
VFIiGFLGAAGSTMGA 
FLGAAGSTMGAASLT 
AGSTMGAASLTLTVQ 
MGAASLTLTVQARQL 
SLTIiTVQARQIiIiSGI 
TVQARQLLSGIVQQQ 
RQLLSGIVQQQNNLL 
SGIVQQQNNLLRAIE 

VQQQNNLLRAIEAQQ * 
NNLLRAI E AQQRLLQ 
RAIEAQQRLLQLTVW 
AQQRLLQLTVWGI KQ 
LLQLTVWGI KQLQAR 
TVWG IKQLQARVL AV 



SEQ ID NO: 512 
SEQ ID NO: 513 
SEQ ID NO: 5 14 

SEQ ID NO: 515 
SEQ ID NO: 516 
SEQ ID NO: 517 
SEQ ID NO: 518 
SEQ ID NO: 519 
SEQ ID NO: 520 
SEQ ID NO: 521 
SEQ ID NO: 522 
SEQ ID NO: 523 
SEQ ID NO: 524 
SEQ ID NO: 525 
SEQ ID NO: 526 
SEQ ID NO: 527 
SEQ ID NO: 528 
SEQ ID NO: 529 
SEQ ID NO: 530 
SEQ ID NO: 531 
SEQ ID NO: 532 
SEQ ID NO: 533 
SEQ ID NO: 534 
SEQ ID NO: 535 
SEQ ID NO: 536 
SEQ ID NO: 537 
SEQ ID NO: 538 
SEQ ID NO: 539 
SEQ ID NO: 540 
SEQ ID NO: 541 
SEQ ID NO -.542 
SEQ ID NO: 543 
SEQ ID NO: 544 
SEQ ID NO: 545 
SEQ ID NO: 546 
SEQ ID NO: 547 
SEQ ID NO: 548 
SEQ ID NO: 549 

SEQ ID NO: 550 
SEQ ID NO: 55 
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143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 



IKQLQARVLAVERYL 
LQAR VLAVER YLKDQ * 
VLAVERYLKDQQLLG 
ERYLKPQQLLGIWGC 
KDQQLLGIWGCSGKL 
LLGIWGCSGKLICTT 
WGCSGKLICTTAVPW 
GKLICTTAVPWNASW 
CTTAVPWNASWSNKS 
VPWNASWSNKSLDQI 
ASWSNKSLDQIWNNM 
NKSLDQ I WNNMTWME 
DQIWNNMTWMEWERE 
NNMTWME WERE I GNY 
WMEWERE IGNYTNL I 
EREIGNYTNLIYTLI 
GNYTNLIYTLIEESQ 
NLIYTLIEESQNQQE 
TLIEESQNQQEKNEQ 
ESQNQQEKNEQELLE 
NQQEKNEQELLELDK* 
KNEQELLELDKWASL 
ELLELDKWASLWNWL 
LDKWASLWNWLDISK 
ASLWNWLDI SKWLWY ' 
NWLDISKWLWYIKIF 
ISKWLWYIKIFIMIV 
LWYIKIFIMIVGGLV 
KIFIMIVGGLVGLRI 
MIVGGLVGLRIVFTV 
GLVGLRI VFTVLS IV 
LRI VFTVLS IVNRVR 
FTVLS I VNRVRQGYS 
S I VNRVRQGYS PLS F 
RVRQGYS PL S FQTRF 



SEQ ID NO: 552 
SEQ ID NO: 553 
SEQ ID NO: 554 
SEQ ID NO: 555 
SEQ ID NO: 556 
SEQ ID NO: 557 
SEQ ID NO: 558 
SEQ ID NO: 559 
SEQ ID NO: 560 
SEQ ID NO: 561 
SEQ ID NO: 562 
SEQ ID NO: 563 
SEQ ID NO: 564 
SEQ ID NO: 5 65 
SEQ ID NO: 566 
SEQ ID NO: 567 
SEQ ID NO: 568 
SEQ ID NO: 569 
SEQ ID NO: 570 
SEQ ID NO: 571 
SEQ ID NO: 572 
SEQ ID. NO: 573 
SEQ ID NO: 574 
SEQ ID NO: 575 
SEQ ID NO: 576 
SEQ ID NO: 577 
SEQ ID NO: 578 
SEQ ID NO: 579 
SEQ ID NO: 580 
SEQ ID NO: 581 
SEQ ID NO: 582 
SEQ ID NO: 583 
SEQ ID NO: 584 
SEQ ID NO: 585 
SEQ ID NO: 586 




178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 



GYS PLS FQTRFPAPR 
LS FQTRFPAPRGLDR 
TRFPAPRGLDRPEGI 
APRGLDRPEG I EEEG 
LDRPEGIEEEGGERD 
EGIEEEGGERDRDRS 
EEGGERDRDRSRPLV 
ERDRDRS RPL VHGLL 
DRSRPLVHGLLALIW 
PLVHGLLAL I WDDLR 
GLLALIWDDLRSLCL 
LIWDDLRSLCLFSYH 
DLRSLCLFSYHRLRD 
LCLFS YHRLRDLIL I 
S YHRLRDL I L I AARI 
LRDLILIAARIVELL 
ILIAARIVELLGRRG 
ARIVELLGRRGWEAL 
ELLGRRGWEALKYWG 
RRGWEALKYWGNLLQ 
EALKYWGNLLQYWIQ 
YWGNLLQYWIQELKN 
LLQYWIQELKNSAVS 
WIQELKNSAVSLFGA 
LKNSAVSLFGAIAIA 
AVS LFGAI AI AVAEG 
FGAIAIAVAEGTDRI 
AIAVAEGTDRIIEVA 
AEGTDR I I EVAQRI G 
DR I IE VAQR IGRAFL 
EVAQRIGRAFLHIPR 
RIGRAFLHIPRRIRQ 

AFLHIPRRIRQGLER 
IPRRIRQGLERTLL 



SEQ ID NO: 587 
SEQ ID NO: 588 
SEQ ID NO: 589 
SEQ ID NO: 590 
SEQ ID NO: 591 
SEQ ID NO: 592 
SEQ ID NO: 593 
SEQ ID NO: 594 
SEQ ID NO: 595 
SEQ ID NO: 596 
SEQ ID NO: 597 
SEQ ID NO: 598 
SEQ ID NO: 599 
SEQ ID NO: 600 
SEQ ID NO: 601 
SEQ ID NO: 602 
SEQ ID NO: 603 
SEQ ID NO: 604 
SEQ ID NO: 605 
SEQ ID NO: 606 
SEQ ID NO: 607 
SEQ ID NO: 608 
SEQ ID NO: 609 
SEQ ID NO: 610 
SEQ ID NO : 611 
SEQ ID NO: 612 
SEQ ID NO: 613 
SEQ ID NO: 614 
SEQ ID NO: 615 
SEQ ID NO: 616 
SEQ ID NO: 617 
SEQ ID NO: 618 
SEQ ID NO: 619 
SEQ ID NO: 620 
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TABLES 

One embodiment of an HIV-1 consensus B clade Gag peptide pool sequence. Each peptide is 
15 amino acids in length and overlaps the preceding peptide by 11 amino acids. Peptide 124 is 12 
amino acids in length. The foil-length Gag sequence [SEQ ID NO:2188] is modified from the HTV 
sequence database. 




1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 



MGARAS VL SGGELDR 
ASVLSGGELDRWEKI 
SGGELDRWEKIRLRP 
LDRWEKIRIiRPGGKK 

ekirlrpggkkkykl 
lrpggkkkyklkhiv 

GKKKYKLKJilVWASR 

YKLKHIVWASRELER 

HIVWASRELERFAVN 

ASRELERFAVNPGLL 

ELERFAVNPGLLETS 

FAVNPGLLETSEGCR 

PGLLETSEGCRQILG 

ETSEGCRQILGQLQP 

GCRQILGQLQPSLQT 

ILGQLQP SLQTGSEE 

LQPSLQTGSEELRSL 

LQTGSEELRSLYNTV 

SEELRSLYNTVATLY 

RS L YNTVATL YCVHQ 

NT VATL YCVHQR I E V 

TL YCVHQR IEVKDTK 

VHQR I E VKDTKEALE 

IEVKDTKEALEKIEE 

DTKEALEKIEEEQNK 

ALEKIEEEQNKSKKK 

I EEEQNKS KKKAQQA 

QNKS KKKAQQAAADT 

KKKAQQAAAPTGNSS 

QQAAADTGNSSQVSQ 

ADTGNS S Q VS QNYP I 

NSSQVSQNYPIVQNL 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO: 621 
NO: 622 
NO: 623 
NO: 624 
NO: 625 
NO: 626 
NO:627 
NO: 628 
NO: 629 
NO:630 
NO: 631 
NO: 632 
NO: 633 
NO: 634 
NO:635 
NO:636 
NO:637 
NO: 638 
NO:639 
NO: 640 
NO: 641 
NO: 642 
NO: 643 
NO: 644 
NO: 645 
NO: 646 
NO: 647 
NO: 648 
NO: 649 
NO:650 
NO: 651 
NO: 652 




33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 



VS QNYP I VQNLQGQM 
YP I VQNLQGQMVHQA 
QNLQGQMVHQAISPR 
GQMVHQAI S PRTLNA 
HQAI S PRTLNAWVKV 
SPRTLNAWVKWEEK 
LNAWVKWEEKAFSP 
VKWEEKAFSPEVIP 

EEKAFSPEVIPMFSA 

FS PE VI PMFS AIiS EG 

VIPMFSALSEGATPQ 

FSAXiSEGATPQDLNT 

SEGATPQDLNTMLNT 

TPQDLNTMLNTVGGH 

LNTMLNTVGGHQAAM 

LNTVGGHQAAMQMLK 

GGHQAAMQMLKETIN 

AAMQMIiKETINEEAA 

QMLKETINEEAAEWD 

ET INEEAAE WDRLHP 

EEAAEWDRLHPVHAG 

EWDRLHPVHAGPIAP 

LHPVHAGPIAPGQMR 

HAGP I APGQMREPRG 

IAPGQMREPRGSDIA 

QMREPRGSDIAGTTS 

PRGSD I AGTTSTLQE 

DIAGTTSTLQEQIGW 

TTSTLQEQIGWMTNN 

LQEQIGWMTNNPPIP 

IGWMTNNPP I PVGE I 

TNNPPI PVGEI YKRW 



SEQ ID NO: 653 
SEQ ID NO: 654' 
SEQ ID NO: 655 
SEQ ID NO: 656 
SEQ ID NO: 657 
SEQ ID NO: 658 
SEQ ID NO: 659 
SEQ ID NO: 660 
SEQ ID NO: 661 
SEQ ID NO: 662 
SEQ ID NO: 663 
SEQ ID NO: 664 
SEQ ID NO: 665 
SEQ ID NO: 666 
SEQ ID NO: 667 
SEQ ID NO: 668 
SEQ ID NO: 669 
SEQ ID NO: 670 
SEQ ID NO: 671 
SEQ ID NO: 672 
SEQ ID NO: 673 
SEQ ID NO: 674 
SEQ ID NO: 675 
SEQ ID NO: 676 
SEQ ID NO: 677 
SEQ ID NO: 678 
SEQ ID NO: 679 
SEQ ID NO: 680 
SEQ ID NO: 681 
SEQ ID NO: 682 
SEQ ID NO: 683 
SEQ ID NO: 684 
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65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80- 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 



PIPVGEIYKRWIILG 
GE I YKRW I I LGLNKI 
KRWI ILGLNKI VRMY 
ILGLNKIVRMYSPTS 
NKI VRMYS PTS I LDI 
RMYSPTS ILDIRQGP 
PTS ILDIRQGPKEPF 
LDIRQGPKEPFRDYV 
QGPKEPFRDYVDRFY 
EPFRDYVDRPYKTLR 
DYVDRPYKTLRAEQA 
RFYKTLRAEQASQEV 
TLRAEQAS QEVKNWM 
EQASQEVKNWMTETL 
QEVKNWMTETLLVQN 
NWMTETLLVQNANPD 
ETIiLVQNANPDCKTI 
VQNANPD CKTI LKAXi 
NPDCKTILKALGPAA 
KTILKAIiGPAATLEE 
KALGPAATLEEMMTA 
PAATLEEMMTACQGV 
LEEMMTACQGVGGPG 
MTACQGVGGPGHKAR 
QGVGGPGHKARVLAE 
GPGHKARVLAEAMSQ 
KARVLAEAMSQVTNS 
LAEAMSQVTNSATIM 
MSQVTNSATIMMQRG 
TNSATIMMQRGNFRN 
TIMMQRGNFRNQRKT 
QRGNFRNQRKTVKCF 
FRNQRKTVKCFNCGK 
RKTVKCFNCGKEGHI 
VKCFNCGKEGHIAKN 
NCGKEGH I AKNCRAP 
EGHIAKNCRAPRKKG 
AKNCRAPRKKGCWKC 
RAPRKKGCWKCGKEG 
KKGCWKCGKEGHQMK 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO: 685 
NO: 686 
NO:687 
NO:688 
NO:689 
NO: 690 
NO: 691 
NO: 692 
NO: 693 
NO: 694 
NO: 695 

NO: 696 
NO: 697 
NO: 698 
NO:699 
NO:700 

NO: 701 
NO:702 
NO:703 
NO: 704 
NO: 705 
NO:706 
NO:707 
NO:708 
NO:709 
NO: 710 
NO: 711 

NO; 712 
NO: 713 
NO: 714 
NO: 715 
NO: 716 
NO: 717 
NO: 718 
NO: 719 
NO: 720 
NO: 721 
NO: 722 
NO: 723 
NO: 724 



105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
12 0 
121 
122 
123 
124 



WKCGKEGHQMKDCTE 
KEGHQMKDCTERQAN 
QMKDCTERQANFLGK 
CTERQANFLGKIWPS 
QANFLGKIWPSHKGR 
LGKIWPSHKGRPGNF 
WPSHKGRPGNFLQSR 
KGRPGNFLQSRPEPT 
GNFLQSRPE PTAPPE 
QSRPEPTAPPEESFR 
EPTAPPEESFRFGEE 
PPEESFRFGEETTTP 
SFRFGEETTTPSQKQ 
GEETTTPSQKQEPID 
TTTPSQKQEPIDKEL 
SQKQEPIDKEIiYPLA 
EPIDKELYPLASLRS 
KELYPLASLRSLFGN 
PLASLRSLFGNDP S S 
LRSLFGNDPSSQ 



SEQ ID NO: 725 
SEQ ID NO: 726 
SEQ ID NO: 727 
SEQ ID NO: 728 
SEQ ID NO: 729 
SEQ ID NO: 730 
SEQ ID NO: 731 
SEQ ID NO: 73 2 
SEQ ID NO: 733 
SEQ ID NO: 734 
SEQ ID NO: 73 5 
SEQ ID NO: 736 
SEQ ID NO: 737 
SEQ ID NO; 738 
SEQ ID NO: 739 
SEQ ID NO: 74 0 
SEQ ID NO: 741 
SEQ ID NO: 742 
SEQ ID NO: 743 
SEQ ID NO: 744 
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XABLE6 



One embodiment of an HIV-1 consensus B clade Nef peptide pool sequence. Each peptide is 15 amino 
acids m length and overlaps the preceding peptide by 1 1 amino acids. Peptide 49 is 14 amino acids in 
length. The full-length Nef sequence [SEQ ID NO:2189] is modified from the HIV sequence database 




1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 



MGGKWS KRS WGWPT 

WSKRSWGWPTVRER 

SWGWPTVRERMRRA 

WPTVRERMRRAEPAA 

RERMRRAEPAAPGVG 

RRAEPAAPGVGAVSR 

PAAPGVGAVSRDLEK 

GVGAVSRDLEKHGAI 

VS RDLEKHGAI TSSN 

LEKHGAITSSNTAAN 

GAITSSNTAANNADC 

SSNTAANNADCAWLE 

AANNADCAWLEAQEE 

ADCAWLEAQEEEEVG 

WliEAQEEEEVGPPVR 

QEEEEVGFPVRPQVP 

EVGFPVRPQVPLRPM 

PVRPQVPLRPMTYKA 

QVPLRPMTYKAAVDL 

RPMTYKAAVDLSHFL 

YKAAVDLSHFLKEKG 

VDLSHFIiKEKGGLEG 

HFLKEKGGLEGL I YS 

EKGGLEGL IYSQKRQ 

LEGL I YSQKRQD ILD 

IYSQKRQDILDLWVY 

KRQDILDLWVYHTQG 

ILDLWVYHTQGYFPD 

WVYHTQGYFPDWQNY 

TQGYFPDWQNYTPGP 

FPDWQNYTPGPGIRY 

QNYTPGPGIRYPLTF 

PGPGIRYPLTFGWCF 



SEQ ID NO: 745 
SEQ ID NO: 746 
SEQ ID NO: 747 
SEQ ID NO: 748 
SEQ ID NO: 749 
SEQ ID NO: 750 
SEQ ID NO: 751 
SEQ ID NO: 752 
SEQ ID NO: 753 
SEQ ID NO: 754 
SEQ ID NO: 755 
SEQ ID NO: 756 
SEQ ID NO: 757 
SEQ ID NO: 758 
SEQ ID NO: 759 
SEQ ID NO: 760 
SEQ ID NO: 761 
SEQ ID NO: 762 
SEQ ID NO: 763 
SEQ ID NO: 764 
SEQ ID NO:765 
SEQ ID NO: 766 
SEQ ID NO: 767 
SEQ ID NO: 768 
SEQ ID NO: 769 
SEQ ID NO: 770 
SEQ ID NO: 771 
SEQ ID NO: 772 
SEQ ID NO: 773 
SEQ ID NO: 774 
SEQ ID NO: 775 
SEQ ID NO: 776 
SEQ ID NO: 777 




34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 



IRYPLTFGWCFKLVP 
LTFGWCFKLVPVEPE 
WCFKLVPVEPEKVEE 
LVPVEPEKVEEANEG 
EPEKVEEANEGENNS 
VEEANEGENNS LLHP 
NEGENNS LLHPMS LH 
NNSLLHPMSLHGMDD 
LHPMSLHGMDDPERE 
S LHGMDD PEREVLVW 
MDDPEREVIiVWKFDS 
EREVLVWKFDSRLAF 
LVWKFDSRLAFHHMA 
FDSRLAFHHMARELH 
LAFHHMARELHPEYY 

HMARELHPEYYKPC 



SEQ ID NO: 778 
SEQ ID NO: 779 
SEQ ID NO: 780 
SEQ ID NO: 781 
SEQ ID NO: 782 
SEQ ID NO: 783 
SEQ ID NO: 784 
SEQ ID NO: 785 
SEQ ID NO: 786 
SEQ ID NO: 787 
SEQ ID NO: 788 
SEQ ID NO: 789 
SEQ ID NO: 790 
SEQ ID NO: 791 
SEQ ID NO: 792 
SEQ ID NO: 7 93 
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TABLE 7 

One embodiment of an HIV-1 consensus B clade Pol peptide pool sequence. Each peptide is 15 amino 
adds in length and overlaps the preceding peptide by 1 1 amino acids. Peptide 248 is 14 amino acids in 
length. The full-length Pol sequence [SEQ ID NO:2190] is modified from the HIV sequence database 
HIV-1. 




l 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 



FFREDLAPPQQKAJRE 
DLAFPQGKAREFSSE 
PQGKAREFSSEQTRA 
AREF S S EQTRANS PT 
SSEQTRANSPTRREL 
TRANS PTRRELQVWG 
SPTRRELQVWGRDNN 
RELQVWGRDNNSLSE 
VWGRDNNS LS EAGAD 
DNNS L S E AGADRQGT 
LSBAGADRQGTVSFS 
GADRQGTVSFSFPQI 
QGTVS FS F PQ I TLWQ 
SFSFPQITLWQRPLV 
PQITLWQRPIiVTIKI 
LWQRPLVT I KIGGQL 

PLVTIKIGGQLKEAIj 
IKIGGQIjKEALLDTG 
GQLKEALLDTGADDT 
EAliIiDTGADDTVLEE 
DTGADDTVLEEMNLP 
DDTVLEEMNLPGRWK 
LEEMNLPGRWKPKMI 
NLPGRVfKPKMIGGIG 
RWKPKMIGGIGGFIK 
KMIGGIGGFIKVRQY 
GIGGF I KVRQYDQ I L 
FIKVRQYDQILIEIC 
RQYDQILIEICGHKA 
QILIEICGHKAIGTV 
EICGHKAIGTVLVGP 
HKAIGTVXiVGPTPVN 



SEQ ID NO; 794 
SEQ ID NO: 795 
SEQ ID NO: 796 
SEQ ID NO: 797 
SEQ ID NO: 798 
SEQ ID NO: 799 
SEQ ID NO: 800 
SEQ ID NO: 801 
SEQ ID NO: 802 
SEQ ID NO: 803 
SEQ ID NO: 804 
SEQ ID NO: 805 
SEQ ID NO: 806 
SEQ ID NO: 807 
SEQ ID NO: 808 
SEQ ID NO: 809 
SEQ ID NO: 810 
SEQ ID NO: 811 
SEQ ID NO: 812 
SEQ ID NO: 813 
SEQ ID NO: 814 
SEQ ID NO: 815 
SEQ ID NO: 816 
SEQ ID NO: 817 
SEQ ID NO: 818 
SEQ ID NO: 819 
SEQ ID NO: 820 
SEQ ID NO: 821 
SEQ ID NO: 822 
SEQ ID NO: 823 
SEQ ID NO: 824 
SEQ ID NO: 825 

4 




33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 



GTVLVGPTPVNI IGR 

VGPTPVNI IGRNLLT 

PVNI IGRNLLTQIGC 

IGRNLLTQIGCTLNF 

LLTQIGCTLNFPISP 

IGCTLNFPISPIETV 

LNFPISPIETVPVKL 

I SP IETVPVKLKPGM 

ETVPVKLKPGMDGPK 

VKLKPGMDGPKVKQW 

PGMDGPKVKQWPLTE 

GPKVKQWPLTEEKI K 

KQWPLTEEKI KALVE 

LTEEKIKALVEICTE 

KIKALVEICTEMEKE 

LVE I CTEMEKEGKI S 

CTEMEKEGKISKIGP 

EKEGKISKIGPENPY 

KISKIGPENPYNTPV 

IGPENPYNTPVFAIK 

NPYNTPVFAI KKKDS 

TPVFAIKKKDSTKWR 

AIKKKDSTKWRKLVD 

KDSTKWRKLVDFREL 

KWRKLVDFRELNKRT 

LVDFRELNKRTQDFW 

RELNKRTQDFWEVQL 

KRTQDF WEVQLG I PH 

DFWE VQLGI PHPAGL 

VQLGIPHPAGLKKKK 

I PHP AGLKKKKS VT V 

AGLKKKKSVTVLDVG 




SEQ 


ID 


NO: 826 


SEQ 


ID 


NO: 827 


SEQ 


ID 


NO:828 


SEQ 


ID 


NO: 829 


SEQ 


ID 


NO:830 


SEQ 


ID 


NO: 831 


SEQ 


ID 


NO: 832 


SEQ 


ID 


NO:833 


SEQ 


ID 


NO: 834 


SEQ 


ID 


NO: 835 


SEQ 


ID 


NO:836 


SEQ 


ID 


NO: 837 


SEQ 


ID 


NO:838 


SEQ 


ID 


NO:839 


SEQ 


ID 


NO: 840 


SEQ 


ID 


NO:841 


SEQ 


ID 


NO: 842 


SEQ 


ID 


NO:843 






XTO • O A A 


SEQ 


ID 


NO: 845 


SEQ 


ID 


NO:846 


SEQ 


ID 


NO: 847 


SEQ 


ID 


NO;848 


SEQ 


ID 


NO: 849 


SEQ 


ID 


NO: 850 


SEQ 


ID 


NO:851 


SEQ 


ID 


NO: 852 


SEQ 


ID 


NO: 853 


SEQ 


ID 


NO: 854 


SEQ 


ID 


NO: 855 


SEQ 


ID 


NO:856 


SEQ 


ID 


NO:857 
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65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 



KKKSVTVLDVGDAYF 
VTVLDVGDAYFSVPIi 
DVGDAYPSVPLDKDP 
AYFSVPLDKPPRKYT 
VPLDKDFRKYTAFTI 
KDFRKYTAFTIPS IN 
KYTAFTIPSINNETP 
PTI PS INNETPGIRY 
S INNETPGIRYQYNV 
ETPGIRYQYNVLPQG 
IRYQYNVLPQGWKGS 
YNVLPQGWKGS P AI F 
PQGWKGSPAIFQSSM 
KGSPAIFQSSMTKIL 
AI FQS SMTKI LEPFR 
SSMTKILEPFRKQNP 
KILEPFRKQNPDIVI 
PFRKQNPDIVIYQYM 
QNPDIVIYQYMDDLY 
IVIYQYMDDLYVGSD 
QYMDDLYVGSDLE IG 
DL YVGSDLE I GQHRT 
GSDLE I GQHRTKI EE 
EIGQHRTKIEELRQH 
HRTKI EELRQHLLRW 
IEELRQHLIiRWGFTT 
RQHLLRWGFTTPPKK 
LRWGFTTPDKKHQKE 
FTTPDKKHQKEPPFL 
DKKHQKEPPFLWMGY 
QKEPPFLWMGYELHP 
PFLWMGYELHPDKWT 
MGYELHPDKWTVQPI 
LHPDKWTVQPIVLPE 
KWTVQPIVLPEKDSW 
QP I VLPEKDS WT VND 
LPEKDSWTVNDIQKL 
DSWTVND IQKLVGKL 
VND IQKLVGKLNWAS 
QKLVGKLNWAS Q I YA 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO:858 
NO: 859 
NO: 860 
NO: 861 
NO: 862 
NO: 863 
NO: 864 
NO: 865 
NO: 866 
NO: 867 
NO: 868 
NO: 869 
NO: 870 
NO:871 
NO: 872 
NO: 873 
NO: 874 
NO:875 
NO: 876 
NO: 877 
NO:878 
NO: 879 
NO:880 
NO: 881 
NO: 882 
NO:883 
NO:884 
NO:885 
NO:886 
NO:887 
NO: 888 
NO: 889 
NO:890 
NO: 891 
NO: 892 
NO: 893 
NO: 894 
NO:895 
NO: 396 
NO:897 




105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 



GKLNWAS Q I YAG I KV 
WASQIYAGIKVKQLC 
IYAGIKVKQLCKLLR 
I KVKQL CKLLRGTKA 
QLCKLLRGTKALTEV 
LLRGTKALTEVIPLT 
TKALTEVIPLTEEAE 
TEVIPLTEEAELELA 
PLTEEAELELAENRE 
EAELELAENREILKE 
ELAENRE ILKEPVHG 
NRE I LKEPVHGVY YD 
LKEPVHGVYYDPSKD 
VHGVYYDPSKDLIAE 
YYDPSKDIilAEIQKQ 
SKDLIAEIQKQGQGQ 
IAEIQKQGQGQWTYQ 
QKQGQGQWTYQIYQE 
QGQWTYQIYQEPFKN 
T YQ I YQE PFKNIiKTG 

YQEPFKNLKTGKYAR 
FKNLKTGKYARMRGA 
KTGKYARMRGAOTND 
YARMRGAHTNDVKQL 
RGAHTNDVKQLTEAV 
TNDVKQLTEAVQKIA 
KQLTEAVQKI ATES I 
EAVQKIATES IVIWG 
KI ATES I VI WGKTPK 
ES I VI WGKTPKFKLP 
IWGKTPKFKLPIQKE 
TPKFKLP I QKETWE A 
KLP I QKETWE AW WTE 
QKETWEAWWTEYWQA 
WEAWWTE YWQATWI P 
WTEYWQATW I PEWE F 
WQATWI PE WEFVNTP 
WIPEWEFVNTPPLVK 
WEFVNTPPLVKLWYQ 
NTPPLVKLWYQIjEKE 



SEQ ID NO: 898 
SEQ ID NO: 899 
SEQ ID NO: 900 
SEQ ID NO: 901 
SEQ ID NO: 902 
SEQ ID NO : 903 
SEQ ID NO: 904 
SEQ ID NO: 905 
SEQ ID NO: 906 
SEQ ID NO: 907 
SEQ ID NO: 908 
SEQ ID NO: 909 
SEQ ID NO: 910 
SEQ ID NO: 911 
SEQ ID NO: 912 
SEQ ID NO: 913 
SEQ ID NO: 914 
SEQ ID NO: 915 
SEQ ID NO: 916 
SEQ ID NO: 917 
SEQ ID NO: 918 
SEQ ID NO: 919 
SEQ ID NO: 920 
SEQ ID NO: 921 
SEQ ID NO: 922 
SEQ ID NO: 923 
SEQ ID NO: 924 
SEQ ID NO: 925 
SEQ ID NO: 926 
SEQ ID NO: 927 
SEQ ID NO: 92 8 
SEQ ID NO: 929 
SEQ ID NO: 93 0 
SEQ ID NO: 931 
SEQ ID NO: 932 
SEQ ID NO: 933 
SEQ ID NO: 934 
SEQ ID NO: 935 
SEQ ID NO: 936 
SEQ ID NO: 937 
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145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 



PCT/AU2004/000775 



LVKLWYQLEKEPIVG 

WYQLEKEPIVGAETF 

EKEPIVQAETFYVDG 

IVGAETFYVDGAANR 

ETFYVDGAAJTRETKL 

VDGAANRETKLGKAG 

ANRETKLGKAGYVTD 

TKLGKAGYVTDRGRQ 

KAGYVTDRGRQKWS 

VTDRGRQKWS LTDT 

GRQKWSLTDTTNQK 

WSLTDTTNQKTELQ 

TDTTNQKTELQAIHL 

NQKTELQAIHLAIiQD 

ELQAIHLALQDSGLE 

IHLALQDSGLEVNIV 

LQDSGLEVNIVTDSQ 

GLEVNIVTD S QYALG 

NIVTDSQYALGIIQA 

DSQYALGI IQAQPDK 

ALGI IQAQPDKSESE 

IQAQPDKSESELVSQ 

PDKSESELVSQI IEQ 

ESELVSQI IEQIiIKK 

VSQI IEQLIKKEKVY 

IEQLIKKEKVYLAWV 

I KKEKVYL AWVP AJJK 

KVYLAWPAHKGIGG 

AWVPAHKGI GGNEQV 

AHKG I GGNEQ VDKL V 

IGGNEQVDKLVSAGI 

EQVDKLVSAGIRKVL 

KLVS AG IRKVLPLDG 

AGIRKVLFLDGIDKA 

KVLFLDGIDKAQEEH 

LDGIDKAQEEHEKYH 

DKAQEEHEKYHSNWR 

EEHEKYHSNWRAJVIAS 

KYHSNWRAMASDFNIi 

NWRAMASDFNLPPW 



SEQ ID NO: 938 
SEQ ID NO: 939 
SEQ ID NO: 940 
SEQ ID NO: 941 
SEQ ID NO: 942 
SEQ ID NO: 943 
SEQ ID NO: 944 
SEQ ID NO: 945 
SEQ ID NO: 946 
SEQ ID NO: 947 
SEQ ID NO: 948 
SEQ ID NO: 949 
SEQ ID NO: 950. 
SEQ ID NO: 951 
SEQ ID NO: 952 
SEQ ID NO: 953 
SEQ ID NO: 954 
SEQ ID NO: 955 
SEQ ID NO: 956 
SEQ ID NO: 957 
SEQ ID NO: 958 
SEQ ID NO: 959 
SEQ ID NO: 960 
SEQ ID NO: 961 
SEQ ID NO: 962 
SEQ ID NO: 963 
SEQ ID NO: 964 
SEQ ID NO: 965 
SEQ ID NO: 966 
SEQ ID NO: 967 
SEQ ID NO: 968 
SEQ ID NO: 969 
SEQ ID NO: 970 
SEQ ID NO: 971 
SEQ ID NO: 972 
SEQ ID NO: 973 
SEQ ID NO: 974 
SEQ ID NO: 975 
SEQ ID NO: 976 
SEQ ID NO: 977 




185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 



MASDFNLPP WAKE I 

FNLPP WAKE I VAS C 

PWAKEIVASCDKCQ 

KEIVASCDKCQLKGE 

AS CDKCQLKGE AMHG 

KCQLKGEAJYHGQVDC 

KGEAJ4HGQVDCSPGI 

MHGQVDCSPGIWQLD 

VDCSPGIWQLDCTHL 

PGIWQLDCTHLEGKI 

QLDCTHLEGKI ILVA 

THLEGKI ILVAVHVA 

GKI ILVAVHVASGYI 

D VAVHVASGY I EAEV 

HVASGYIEAEVIPAE 

GY I EAEVI PAETGQE 

AEVI PAETGQETAYF 

PAETGQETAYFLLKL 

GQETAYFLLKLAGRW 

AYFLLKLAGRWPVKT 

LKLAGRWPVKTIHTD 

GRWPVKTIHTDNGSN 

VKTIHTDNGSNFTST 

HTDNGSNFTSTTVKA 

GSNFTSTTVKAACWW 

TSTTVKAACWWAGIK 

VKAACWWAGIKQEFG 

CWWAGI KQE FGI P YN 

GIKQEFGIPYNPQSQ 

EFGIPYNPQSQGWE 

PYNPQSQGWESMNK 

QSQGWESMNKELKK 

WESMNKELKKI IGQ 

MNKELKKI IGQVRDQ 

LKKI IGQVRDQAEHIi 

IGQVRDQAEHLKTAV 

RDQAEHLKTAVQMAV 

EHLKTAVQMAVFIHN 

TAVQMAVF IHNF KRK 

MAVFIHNFKRKGGIG 



SEQ ID NO: 978 
SEQ ID NO: 979 
SEQ ID NO: 980 
SEQ ID NO: 981 
SEQ ID NO : 982 
SEQ ID NO: 983 
SEQ ID NO: 984 
SEQ ID NO: 985 
SEQ ID NO: 986 
SEQ ID NO: 987 
SEQ ID NO: 988 
SEQ ID NO: 989 
SEQ ID NO: 990 
SEQ ID NO: 991 
SEQ ID NO: 992 
SEQ ID NO: 993 
SEQ ID NO: 994 
SEQ ID NO: 995 
SEQ ID NO: 996 
SEQ ID NO: 997 
SEQ ID NO: 998 
SEQ ID NO: 999 
SEQ ID NO: 1000 
SEQ ID NO: 1001 
SEQ ID NO: 1002 
SEQ ID NO: 1003 
SEQ ID NO: 1004 
SEQ ID NO: 1005 
SEQ ID NO: 1006 
SEQ ID NO: 1007 
SEQ ID NO: 1008 
SEQ ID NO: 1009 
SEQ ID NO: 1010 
SEQ ID NO: 1011 
SEQ ID NO: 1012 
SEQ ID NO: 1013 
SEQ ID NO: 1014 
SEQ ID NO: 1015 
SEQ ID NO: 1016 
SEQ ID NO: 1017 



-69- 



WO 2004/108753 



PCT/AU2004/000775 




225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 



IHNFKRKGGI GGYS A 
KRKGGIGGYSAGERI 
GIGGYSAGERI VDI I 
YSAGERIVDI I ATDI 
ERIVDI I ATDI QTKE 
DIIATDIQTKELQKQ 
TDIQTKELQKQITKI 
TKELQKQITKIQNFR 
QKQ I TKI QNFRVYRD 
TKIQNFRVYRDSRDP 
NFRVYRDSRDPLWKG 
YRDSRDPL.WKGPAKL 
RDPLWKGPAKLLWKG 
WKGPAKLLWKGEGAV 
AKLLWKGEGAWIQD 
WKGEGAWIQDNSD I 
GAWIQDNSDIKWP 
I QDNSD I KWPRRKA 
SDIKWPRRKAKIIR 
WPRRKAKI IRDYGK 
RKAKI IRDYGKQMAG 
I IRD YGKQMAGDDCV 
YGKQMAGDDCVASRQ 
MAGDDCVASRQDED 



SEQ ID NO: 1018 
SEQ ID NO: 1019 
SEQ ID NO: 1020 
SEQ ID NO: 1021 
SEQ ID NO: 1022 
SEQ ID NO: 1023 
SEQ ID NO: 1024 
SEQ ID NO: 1025 
SEQ ID NO: 1026 
SEQ ID NO: 1027 
SEQ ID NO: 1028 
SEQ ID NO: 1029 
SEQ ID NO: 1030 
SEQ ID NO: 1031 
SEQ ID NO: 1032 
SEQ ID NO: 1033 
SEQ ID NO: 1034 
SEQ ID NO: 1035 
SEQ ID NO: 1036 
SEQ ID NO: 1037 
SEQ ID NO: 1038 
SEQ ID NO: 1039 
SEQ ID NO: 1040 
SEQ ID NO: 1041 
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2£BLE8 

^~*»< "f » HIV., _ B clade Rev peptMe poo , ^ 
ammo a=Hfe ,n tag* a»d overkps a. preceding ^ by , , ^ ^ 

«* . The mn.,^ Rev „ [SEQ ro . modifled ftom ° 



2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 




MAGRSGDSDEELLKTL 
SGDSDBELLKTVRLIC 
DEELLKTVRLIKFLYC 
LKTVRLIKFLYQSNPG 
RL I KFti YQSNPPPS P V 

PLYQSNPPPSPEGTRQ 
SNPPPS PEGTRQARRE 
PSPEGTRQARRNRRR 

GTRQARRNRRRRWRE 
ARRMRRRRWRERQRQ 
RRRRWRERQRQIRS I 
WRERQRQIRSISEWI 
QRQIRSISEWILSTY 
RSISEWILSTYLGRP 
EWILSTYLGRPAEPV 
STYLGRPAEPVPLQL 
GRPAEPVPLQLPPLE 
EPVPLQLPPLERLTL 
LQLPPLERLTLDCNE 
PLERLTLDCNEDCGT 
TLDCNEDCGTSGTQ 
NEDCGTSGTQGVGS 
GTSGTQGVGSPQIL 
TQGVGSPQILVESP 
GS PQILVES PAVLE 
ILVESPAVLESGTK 
SPAVLESGTKEE 




SEQ 10 NO: 1042 
SEQ ID NO: 1043 
SEQ ID NO: 1044 
SEQ ID NO: 1045 
SEQ ID NO: 1046 
SEQ ID NO: 1047 
SEQ ID NO: 1048 
SEQ ID NO: 1049 
SEQ ID NO: 1050 
SEQ ID NO: 1051 
SEQ ID NO: 1052 
SEQ ID NO: 1053 
SEQ ID NO: 1054 
SEQ ID NO: 1055 
SEQ ID NO: 1056 
SEQ ID NO: 1057 
SEQ ID NO: 1058 
SEQ ID NO: 1059 
SEQ ID NO: 1060 
SEQ ID NO: 1061 
SEQ ID NO: 1062 
SEQ ID NO: 1063 
SEQ ID NO: 1064 
SEQ ID NO: 1065 
SEQ ID NO: 1066 
SEQ ID NO: 1067 
SEQ ID NO: 1068 
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TABLE 9 

One embodiment of an fflV-1 consensus B clade Tat peptide pool sequence. Each peptide is 15 amino 
acids in length and overlaps the preceding peptide by 1 1 amino acids. Peptide 24 is 14 amino acids in 
length. The full-length Tat sequence [SEQ TD NO-.2192] is modified from the HIV sequence database. 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 



MEPVDPRLEPWKHPGP 

DPRLEPWKHPGSQPKP 

EPWKJJPGSQPKTACTK 

HPGSQPKTACTNCYCK 

QPKTACTNCYCKKCC 

ACTNC YCKKC CPHCQ 

CYCKKCCFHCQVCPI 

KCCFHCQVCF I TKGL 

HCQVCFITKGLGISY 

CFITKGIiGISYGRKK 

KGLGISYGRKKRRQR 

ISYGRKKRRQRRRAP 

RKKRRQRRRAPQDSQ 

RQRRRAPQDSQTHQV 

RAPQDSQTHQVSLSK 

DSQTHQVSLSKQPAS 

HQVSLSKQPASQPRG 

LSKQPAS QPRGDPTG 

PASQPRGDPTGPKES 

RGDPTGPKE S KKKV 

TGPKBS KKKVERET 

ESKKKVERETETDP 

KVERETETDPVDQ 



SEQ ID NO: 1069 
SEQ ID NO: 1070 
SEQ ID NO: 1071 
SEQ ID NO: 1072 
SEQ ID NO: 1073 
SEQ ID NO: 1074 
SEQ ID NO: 1075 
SEQ ID NO: 1076 
SEQ ID NO: 1077 
SEQ ID NO: 1078 
SEQ ID NO: 1079 
SEQ ID NO: 1080 
SEQ ID NO: 1081 
SEQ ID NO: 1082 
SEQ ID NO: 1083 
SEQ ID NO: 1084 
SEQ ID NO: 1085 
SEQ ID NO: 1086 
SEQ ID NO: 1087 
SEQ ID NO: 1088 
SEQ ID NO : 1Q89 
SEQ ID NO: 1090 
SEQ ID NQ:1091 
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TABLE 10 

One embodiment of an fflV-1 consensus B clade Vif peptide pool sequence. Each peptide is 15 amino 
acids in length and overlaps the preceding peptide by 1 1 amino acids. Peptide 46 is 12 amino acids in 
length. The full-length Vif sequence [SEQ ID NO:2193] is modified from the HIV sequence database. 



PER 



l 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 



MENRWQVMIVWQVDR 

WQ VM I VWQ VDRMR I R 

IVWQVDRMRIRTWKS 

VDRMR I RTWKS LVKH 

RIRTWKSLVKJIHMYI 

WKSLVKHHMYI SRKA 

VKHHMYI SRKAKGWF 

MYI SRKAKGWF YRHH 

RKAKGWFYRHHYEST 

GWFYRHHYES THPR I 

RHHYESTHPRISSEV 

ESTHPRISSEVHIPL 

PRISSEVHIPLGDAR 

SEVHI PLGDARLVIT 

I PLGD ARLVT TTYWG 

DARLVITTYWGLHTG 

VITTYWGLHTGERDW 

YWGLHTGERDWHLGQ 

HTGERDWHLGQGVS I 

RD WHLGQGVS I EWRK 

IiGQGVS IEVJRKKRY S 

VSIEWRKKRYSTQVD 

WRKKRYSTQVDPDLA 

RYSTQVDPDLAPQLI 

QVDPDLADQLIHLYY 

DLADQLIHLYYFDCF 

QLIHLYYFDCFSESA 

LYYFDCFSESAIRNA 

DCFSESAIRNAILGH 

ESAIRNAILGHIVSP 

RNAIIiGHIVSPRCEY 

LGHI VS PRCE YQAGH 

VSPRCEYQAGHNKVG 



mr-^rv^H^ -fags. 




SEQ 


ID 


NO • 


1092 


SEO 


ID 


NO • 


1093 


SEO 


ID 


NO » 


1094 


SEO 


ID 


NO . 


1095 


SEO 


TT\ 


WO • 


1096 

ml* \f mS \J 


SEO 

coy 


TD 


imvj : 


1097 


SEO 


TD 


MO . 


1098 


SEO 


TD 


NO • 


1099 

«i» \f mm* mm* 


SEO 


TTi 


KTO • 


1100 

*Jb* V/ w 




Tn 

JLJJ 


"MY") . 
JMU I 


1101 




TTi 


JNU I 


1102 

J- «L w &4 




in 


JMvJ t 


1103 


OT?rs 


XU 


IOTA • 

jmu : 


1104 

•J- «L w "X 


C!T?0 


±JJ 


jmu : 


1105 

X X u J 


C!T?0 
OAU. 


JLJJ 


JMU : 


1106 




JLJJ 


jmu : 


1107 

•I* «1* V r 




xJJ 


JMU ; 


1108 


own 

bay 


ID 


NO: 


110 9 


SEQ 


ID 


NO: 


1110 


SEQ 


ID 


NO: 


1111 


SEQ 


ID 


NO: 


1112 


SEQ 


ID 


NO: 


1113 


SEQ 


ID 


NO: 


1114 


SEQ 


ID 


NO: 


1115 


SEQ 


ID 


NO: 


1116 


SEQ 


ID 


NO: 


1117 


SEQ 


ID 


NO: 


1118 


SEQ 


ID 


NO: 


1119 


SEQ 


ID 


NO: 1120 


SEQ 


ID 


NO: 


1121 


SEQ 


ID 


NO: 


1122 


SEQ 


ID 


NO: 1123 


SEQ 


ID 


NO: 


1124 




34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 




CEYQAGHNKVGSLQY 


SEQ 


ID 


AGHNKVGSLQYLALA 


SEQ 


ID 


KVGS LQYLALAAL I T 


SEQ 


ID 


LQYlxAIxAALITPKKI 


SEQ 


ID 


ALAALITPKKIKPPL 


SEQ 


ID 


LITPKKIKPPLPSVT 


SEQ 


ID 


KKIKPPLPSVTKLTE 


SEQ 


ID 


PPLP S VTKLTEDRWNK 


SEQ 


ID 


PPLPSVTKLTEDRWN 


SEQ 


ID 


SVTKLTEDRWNKPQK 


SEQ 


ID 


LTEDRWNKPQKTKGH 


SEQ 


ID 


RWNKPQKTKGHRGSH 


SEQ 


ID 


PQKTKGHRGSHTMNG 


SEQ 


ID 


KGHRGSHTMNGH 


SEQ 


ID 


PQKTKGHRGSHTMNGH 


SEQ 


ID 



ID NO: 1125 



ID NO: 112 8 
ID NO:1129 
ID NO:1130 
ID NO: 1131 
ID NO: 113 2 
ID NO: 1133 
ID NO: 1134 
ID NO: 1135 
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TABLE 1 1 

One embodiment of an HIV-1 consensus B clade Vpr peptide pool sequence. Each peptide is 15 amino 
acids in length and overlaps the preceding peptide by 1 1 amino acids. Peptide 22 is 12 amino acids in 
length. The full-length Vpr sequence [SEQ ]£> NO:2194] is modified from the HIV sequence database. 






SEQ 


ID 


NO 




SEQ 


ID 


NO 


• 114 1 

• «*• X*± JL 


SEQ 


ID 


NO 


• 1149 


SEQ 


ID 


NO 




SEO 


ID 


NO 


• 1 1 44 


SEO 


ID 


NO 


• 1 1 4 c: 


SEO 
»-» j-j v 


ID 


NO 


• JL X*± O 


SEO 

-fc^ 


ID 


NO 


» X X *± / 


SEO 


TD 


ND 


,1140 
• x xft o 


SEO 


TD 




• 1 1 4 Q 

• x xft y 


SEQ 


ID 


NO 


:1150 


SEQ 


ID 


NO 


:1151 


SEQ 


ID 


NO 


:1152 


SEQ 


ID 


NO 


:1153 


SEQ 


ID 


NO 


:1154 


SEQ 


ID 


NO 


:1155 


SEQ 


ID 


NO 


:1156 


SEQ 


ID 


NO 


:1157 


SEQ 


ID 


NO 


:1158 


SEQ 


ID 


NO 


:1159 


SEQ 


ID 


NO 


:1160 


SEQ 


ID 


NO 


:1161 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



MEQAPEDQGPQREPYI 

PEDQGPQREPYNEWTR 

GPQREPYNEWTLELL 

EPYNEWTLELLEELK 

EWTLELLEELKSEAV 

ELLEELKSEAVRHFP 

ELKSEAVRHFPRIWL 

EAVRHFPR I WLHGLG 

HFPRIWLHGLGQHIY 

IWLHGLGQHIYETYG 

GLiGQHIYETYGDTWA 

HIYETYGDTWAGVEA 

TYGDTWAGVEAI IRI 

TWAGVEAI IRILQQL 

VEAIIRILQQLLFIH 

IRILQQLLFIHFRIG 

QQLLFIHFRIGCQHS 

FIHFRIGCQHSRIGI 

RIGCQHSRIGITRQR 

QHSRI G I TRQRRARN 

GITRQRRARNGASR 

QRRARNGASRS 



» 
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TABLE 1 2 

One embodiment of an HIV-1 consensus B clade Vpu peptide pool sequence. Each peptide is 15 
ammo adds in length and overlaps the preceding peptide py 11 amino acids. Peptide 18 is 13 amino 
acids in length. The full-length Vpu sequence [SEQ ID NO:2195] is modified from the HIV sequence 
database. 




l 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 



MQSLQILAIVALWA 

Q I LAIVALWAAI I A 

IVALWAAI IAIWW 

WAAI IAI WWS I VF 

I IAIWWS IVFIEYR 

WWSIVFIEYRKILR 

IVFIEYRKILRQRKI 

EYRKILRQRKIDRL I 

1LRQRKIDRLIDRIR 

RKIDRL IDR I RERAE 

RLIDRIRERAEDSGN 

RIRERAEDSGNESEG 

RAEDSGNESEGDQEE 

SGNESEGDQEELSAIj 

SEGDQEELSALVEMG 

QEELSALVEMGHHAP 

SALVEMGHHAPWDVD 

EMGHHAPWDVDDL 



SEQ ID NO: 1162 
SEQ ID NO: 1163 
SEQ ID NO: 1164 
SEQ ID NO: 1165 
SEQ ID NO: 1166 
SEQ ID NO: 1167 
SEQ ID NO: 1168 
SEQ ID NO: 1169 
SEQ ID NO: 1170 
SEQ ID NO: 1171 
SEQ ID NO: 1172 
SEQ ID NO: 1173 
SEQ ID NO: 1174 
SEQ ID NO: 1175 
SEQ ID NO: 1176 
SEQ ID NO: 1177 
SEQ ID NO: 1178 
SEQ ID NO: 1179 
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TABLE 13 

One embodiment of a peptide pool sequence of HCV la H77. Each peptide is 18 amino acids 
in length and overlaps the preceding peptide by 1 1 amino acids. Peptide couples 25 & 26, 153 & 154, 
220 & 221, 239 & 240, 242 & 243, 244 & 245, 345 & 346 are divided into 15- and 14-mers due to 
problematic sequences of the original 18-mer peptide. The full-length HCV la H77 sequence [SEQ ID 
NO:2196] is modified from the HCV sequence database. 




l 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 



MSTNPKPQRKTKRNTNRR 
QRKTKRNTNRRPQDVKFP 
TNRRPQD VKFPGGGQ I VG 
VKFPGGGQIVGGVYLLPR 
Q I VGGVYLLPRRGPRLGV 
LLPRRGPRLGVRATRKT S 
RLGVRATRKTSERS QPRG 
RKTSERSQPRGRRQPIPK 
QPRGRRQPIPKARRPEGR 
PIPKARRPEGRTWAQPGY 
PE GRTWAQPG YPWPL YGN 
QPGYPWPLYGNEGCGWAG 
LYGNEGCGWAGWLLS PRG 
GWAGWLLSPRGSRPSWGP 
SPRGSRPSWGPTDPRRRS 
SWGPTDPRRRSRNLGKVI 
RRRSRNLGKVIDTLTCGF 
GKVIDTIiTCGFADLMGYI 
TCGFADLMG Y I PL VGAPL 
MGYI PLVGAPLGGAARAL 
GAPLGGAARALAHGVRVL 
ARALAHGVRVLEDGVNYA 
VRVLEDGVNYATGNLPGC 
VNYATGNLPGCS FS I FLL 
LPGCSFSI FLLALLS 
S F S I FLLALLSCLT 
IFLLALLS CIiTVPAS AYQ 
S CLTVPAS AYQVRNS SGL 
S AYQ VRNS SGL YHVTNDC 
SSGLYHVTNDCPNSSIVY 
TNDCPNSSIVYEAADAIL 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO: 1180 
NO: 1181 
NO:1182 
NO: 1183 
NO: 1184 
NO: 1185 
NO:1186 
NO:1187 
NO:1188 
NO:1189 
NO: 1190 
NO:1191 
NO: 1192 
NO: 1193 
NO: 1194 
NO: 1195 
NO:1196 
NO: 1197 
NO:1198 
NO:1199 
NO: 1200 
NO: 1201 
NO: 1202 
NO: 1203 
NO: 1204 
NO:1205 
NO:1206 
NO: 1207 
NO:1208 
NO: 1209 
NO: 1210 




32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 



S IVYEAADAILHTPGCVP 
DAI LHTPGC VPC VREGNA 
GCVPCVREGNASRCWVAV 
EGNASRCWVAVTPTVATR 
WVAVTPTVATRDGKIiPTT 
VATRDGKLPTTQLRRHID 
LPTTQLRRHIDLLVGSAT 
RHIDLLVGSATIiCSALYV 
GSATLCSALYVGDLCGSV 
ALYVGDLCGSVFLVGQLF 
CGS VFLVGQLFTFS PRRH 
GQLFTFSPRRHWTTQDCN 
PRRHWTTQDCNCS IYPGH 
QDCNCS I YPGHITGHRMA 
YPGHI TGHRMAWDMMMNW 
HRMAWDMMMNWS PTAAL V 
MMNWSPTAALWAQLLRI 
AAL WAQLLRI PQAIMDM 
LLR I PQAIMDMI AGAHWG 
I MDM I AGAHWGVLAG I AY 
AHWGVL AG I AYF SMVGNW 
GIAYFSMVGNWAKVLWL 
VGNWAKVLWLLLFAGVD 
LWLLLFAGVDAETHVTG 
AGVDAETHVTGGSAGRTT 
HVTGGSAGRTTAGLVGLL 
GRTTAGLVGLI4TPGAKQN 
VGLLTPGAKQN I Qh INTN 

AKQNIQIilNTNGSWHINS 
INTNGSWHINSTALNCNE 
HINSTALNCNESLNTGWL 



SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 
SEQ ID 

SEQ ID 

SEQ ID 
SEQ ID 

SEQ ID 



NO: 1211 



NO: 1212 
NO:1213 
NO: 1214 
NO: 1215 
NO: 1216 
NO: 1217 
NO: 1218 
NO: 1219 
NO:1220 
NO:1221 
NO:1222 
NO:1223 
NO: 1224 
NO:1225 
NO: 1226 
NO: 1227 
NO:1228 
NO:1229 
NO:1230 
NO:1231 
NO: 1232 
NO: 1233 
NO: 1234 
NO: 1235 
NO:1236 
NO:1237 
NO: 1238 
NO: 1239 
NO: 1240 
NO: 1241 
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63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 



NCNESLNTGWLAGLPYQH 

TGWLAGLF YQHKFNS SGC 

FYQHKFNSSGCPERLASC 

SSGCPERLASCRRI/TDFA 

LASCRRLTDFAQGWGPIS 

TDFAQGWGPISYANGSGL 

GP I S YANGS GLDERP YCW 

GSGLDERPYCWHYPPRPC 

PYCWHYPPRPCGIVPAKS 

PRPCGIVPAKSVCGPVYC 

PAKSVCGPVYCFTPSPW 

PVYCFTPSPVWGTTDRS 

SPWVGTTDRSGAPTYSW 

TDRSGAPTYSWGANDTDV 

TYSWGANDTDVFVLNNTR 

DTDVFVLNNTRPPLGNWF 

NNTRPPLGNWFGCTWMNS 

GNWFGCTWMNSTGFTKVC 

WMNSTGFTKVCGAPPCVI 

TKVCGAPPCVIGGVGNNT 

PCVIGGVGNNTIiLCPTDC 

GNNTLLCPTDCFRKHPEA 

PTDCFRKHPEATYSRCGS 

HPEATYSRCGSGPWITPR 

RCGSGPWITPRCMVDYPY 

ITPRCMVDYPYRLWHYPC 

D YP YRLWHYPCTINYTI F 

HYPCTINYTIFKVRMYVG 

YTIFKVRMYVGGVEHRLE 

MYVGGVEHRLEAACNWTR 

HRLEAACNWTRGERCDLE 

NWTRGERCDLEDRDRSEL 

CDLEDRDRSELSPLLLS T 

RSELSPIiLLSTTQWQVLP 

LLSTTQWQVLPCSFTTLP 

QVLPCSFTTLPALSTGLI 

TTLPALSTGL IHLHQNIV 

TGL I HLHQNI VDVQ YL YG 

QNI VDVQ YLYGVGS S IAS 

YLYGVGS S IAS WAI KWEY 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO: 1242 
NO: 1243 
NO : 1244 
NO: 1245 
NO:1246 
NO: 1247 
NO: 1248 
NO: 1249 
NO: 1250 
NO: 1251 
NO: 1252 
NO: 1253 
NO: 1254 
NO: 1255 
NO:1256 
NO:1257 
NO:1258 
NO: 1259 
NO: 1260 
NO: 1261 
NO: 1262 
NO: 1263 
NO: 1264 
NO: 1265 
NO: 1266 
NO:1267 
NO:1268 
NO:1269 
NO: 1270 
NO: 1271 
NO: 1272 
NO: 1273 
NO: 1274 
NO: 1275 
NO: 1276 
NO: 1277 
NO: 1278 
NO:1279 
NO: 1280 
NO: 12 81 



103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
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SIASWAIKWEYWLLFLL 
KWEYWLLFLLLADARVC 
LFLLLADARVC S CLWMML 
ARVCS CLWMMLL I SQAEA 
WMMLL I S QAEAALENL VI 
QAEAALENLVILNAASLA 
NIiV I LNAAS LAGTHGL VS 
AS LAGTHGLVS FLVFFCF 
GLVS FLVF FCFAWYL KGR 
FFCFAWYLKGRWVPGAVY 
LKGRWVPGAVYAFYGMWP 
GAVYAFYGMWPLLLLLLA 
GMWPLLLLLLALPQRAYA 
LLLALPQRAYALDTEVAA 
RAYALDTE VAAS CGGWL 
EVAAS CGGWL VGLMALT 
GWLVGLMALTLS PYYKR 
MAIiTL S P Y YKR Y I S WCMW 
YYKRYISWCMWWLQYFLT 
WCMWWIiQYFLTRVEAQLH 
YFLTRVEAQLHVWVPPLN 
AQLHVWVPPIiNVRGGRDA 
PPLNVRGGRDAVIIiLMCV 
GRDAVI LLMC WHPTLVF 
IiMCWHPTLVFDITKLLL 
TLVFD I TKIiLL AI FGPL W 
KLLLAIFGPLWILQASLL 
GPLWILQASIiLKVPYFVR 
AS LLKVP YFVRVQGLLR I 
YF VRVQGIiLR I CAL ARKI 
LLRICALARKIAGGHYVQ 
ARKI AGGHYVQMAI IKLG 
HYVQMAI IKLGALTGTYV 
IKLGALTGTYVYNHLTPL 
GTYVYNHLTPLRDWAHNG 
LTPLRDWAHNGLRDLAVA 
AHNGLRDLAVAVEPWFS 
LAVAVEP WFSRMETKIj I 
WFSRMETKL ITWGADTA 
TKLITWGADTAACGDI IN 



SlS.EC 
SEQ 


TOSS 

ID NO: 


1282 


SEQ 


ID 


NO: 


1283 


SEQ 


ID 


NO: 


1284 


SEQ 


ID 


NO: 


1285 


SEQ 


ID 


NO: 


1286 


SEQ 


ID 


NO: 


12 87 


SEQ 


ID 


NO: 


1288 


SEQ 


ID 


NO: 


1289 


SEQ 


ID 


NO: 


1290 


SEQ 


ID 


NO: 


1291 


SEQ 


ID 


NO: 


1292 


SEQ 


ID 


NO: 


1293 


SEQ 


ID 


NO: 


1294 


SEQ 


ID 


NO: 


1295 


SEQ 


ID 


NO: 


1296 


SEQ 


ID 


NO: 


1297 


SEQ 


ID 


NO: 


1298 


SEQ 


ID 


NO: 


1299 


SEQ 


ID 


NO: 


1300 


SEQ 


ID 


NO: 


1301 


SEQ 


ID 


NO: 


1302 


SEQ 


ID 


NO: 


1303 


SEQ 


ID 


NO: 


1304 


SEQ 


ID 


NO: 


1305 


SEQ 


ID 


NO: 


1306 


SEQ 


ID 


NO: 


1307 


SEQ 


ID 


NO: 


1308 


SEQ 


ID 


NO: 


1309 


SEQ 


ID 


NO: 


1310 


SEQ 


ID 


NO: 


1311 


SEQ 


ID 


NO: 


1312 


SEQ 


ID 


NO: 


1313 


SEQ 


ID 


NO: 


1314 


SEQ 


ID 


NO : 


1315 


SEQ 


ID 


NO: 


1316 


SEO 


ID 


NO: 


X J 1 / 


SEQ 


ID 


NO: 


1318 


SEQ 


ID 


NO: 


1319 


SEQ 


ID 


NO: 


1320 


SEQ 


ID 


NO: 


1321 
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143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 



ADTAACGD I INGLPVS AR 
D I INGLPVS ARRGQE ILL 
VSARRGQEILLGPADGMV 
E I LLGP ADGMVS KGWRLL 
DGMVS KGWRLLAP I TAYA 
WRLLAP ITAYAQQTRGLL 
TAYAQQTRGLLGC I ITSL 
RGLLGCI ITSLTGRDKNQ 
ITS LTGRD KNQVEGE VQ I 
DKNQVEGEVQIVSTATQT 
EVQIVSTATQTFLAT 
VSTATQTFLATCIN 
ATQTFL ATC INGVCWTVY 
TC INGVC WTVYHG AGTRT 
WTVYHGAGTRT I AS PKGP 
GTRTI AS PKGPVIQMYTN 
PKGPVI QMYTNVDQDLVG 
MYTNVDQDLVGWPAPQGS 
DLVGWPAPQGSRSLTPCT 
PQGSRSLTPCTCGSSDLY 
TPCTCGS SDLYLVTRHAD 
SDL YLVTRHADVI PVRRR 
RHADVI PVRRRGDS RGSL 
VRRRGDSRGSLLSPRP I S 
RGSLLSPRPISYLKGSSG 
RP I S YLKGS SGGPLLCPA 
GSSGGPLLCPAGHAVGLP 
LCPAGHAVGLFRAAVCTR 
VGLFRAAVCTRGVAKAVD 
VCTRGVAKAVDFIPVENL 
KAVDF I PVENLETTMRS P 
VENLETTMRS PVFTDNS S 
MRS PVFTDNS S PP AVPQS 
DNS S PPAVPQS FQVAHLH 
VPQSFQVAHLHAPTGSGK 
AHLHAPTGSGKS TKVPAA 
GSGKS TKVPAAYAAQGYK 
VPAAYAAQGYKVLVLNPS 
QGYKVLVLNPSVAATLGF 
LNPS VAATLGFGAYMS KA 



SEQ ID NO: 1322 
SEQ ID NO: 1323 
SEQ ID NO: 1324 
SEQ ID NO: 1325 
SEQ ID NO: 1326 
SEQ ID NO: 1327 
SEQ ID NO: 1328 
SEQ ID NO: 1329 
SEQ ID NO: 1330 
SEQ ID NO: 1331 
SEQ ID NO: 1332 
SEQ ID NO: 1333 
SEQ ID NO: 1334 
SEQ ID NO: 1335 
SEQ ID NO: 133 6 
SEQ ID NO: 1337 
SEQ ID NO: 133 8 
SEQ ID NO: 1339 
SEQ ID NO: 134 0 
SEQ ID NO: 1341 
SEQ ID NO: 1342 
SEQ ID NO: 1343 
SEQ ID NO: 1344 
SEQ ID NO: 1345 
SEQ ID NO: 1346 
SEQ ID NO: 1347 
SEQ ID NO: 1348 
SEQ ID NO: 1349 
SEQ ID NO: 1350 
SEQ ID NO: 1351 
SEQ ID NO: 1352 
SEQ ID NO: 1353 
SEQ ID NO: 1354 
SEQ ID NO: 1355 
SEQ ID NO: 1356 
SEQ ID NO: 1357 
SEQ ID NO: 1358 
SEQ ID NO: 1359 
SEQ ID NO: 1360 
SEQ ID NO: 1361 



WE 



183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 




TLGFGAYMS KAHGVDPNI 
MSKAHGVDPNIRTGVRTI 
DPNI RTGVRTI TTGS PIT 
VRTITTGSPITYSTYGKF 
SPITYSTYGKFLADGGCS 
YGKFLADGGCSGGAYDI I 
GGCS GGAYD 1 1 ICDECHS 
YD I I ICDECHSTDATS IL 
ECHSTDATS ILGIGTVLD 
TS I LGIGTVLDQAETAGA 
TVLDQAETAGARLVVLAT 
TAGARLWIiATATP PGSV 
VLATATPPGSVTVSHPNI 
PGSVTVSHPNIEEVALST 
HPNIEEVALSTTGEIPFY 
ALSTTGEIPFYGKAIPLE 
I P F YGKAI PLE VI KGGRH 
IPLEVIKGGRHLIFCHSK 
GGRHLI F CHS KKKCDELA 
CHSKKKCDELAAKLVALG 
DELAAKLVALGINAVAYY 
VALG INAVAYYRGLDVS V 
VAYYRGLDVSVIPTSGDV 
DVSVIPTSGDWWSTDA 
S GDWWS TDALMTGFTG 
S TD ALMTGFTGDFD S V I D 
GFTGDFDSVIDCNTCVTQ 
SVIDCNTCVTQTVDFSLD 
CVTQTVDFSLDPTFTIET 
FSLDPTFTIETTTLPQDA 
TIETTTLPQDAVSRTQRR 
PQDAVS RTQRRGRTGRGK 
TQRRGRTGRGKPGIYRFV 
GRGKPGIYRFVAPGERPS 
YRFVAPGERPSGMFDS SV 
ERPSGMFDSSVLCECYDA 
DS SVLCECYDAGCAWYEL 
CYDAGCAWYELTPAE 
GCAWYELTPAETTV 
WYELTPAETTVRLRAYMN 



SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID 

SEQ ID, 

SEQ ID 

SEQ ID 

SEQ ID 



NO: 1362 
NO: 13 63 
NO: 13 64 
NO:1365 
NO: 13 66 
NO: 1367 
NO:1368 
NO:1369 
NO:1370 
NO:1371 
NO: 1372 
NO:1373 
NO: 1374 
NO: 1375 
NO:1376 
NO: 1377 



SEQ ID NO: 1378 
SEQ ID NO: 1379 
SEQ ID NO: 1380 
SEQ ID NO: 13 81 
SEQ ID NO: 1382 
SEQ ID NO: 1383 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO: 13 84 
NO: 1385 
NO: 1386 
NO:1387 
NO:1388 
NO:1389 
NO: 13 90 
NO: 13 91 
NO: 1392 
NO: 1393 
NO: 1394 
NO: 1395 
NO: 1396 
NO:1397 
NO: 1398 
NO: 1399 
NO: 1400 
NO: 1401 
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223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 



ETTVRLRAYMNTPGIiPVC 



AYMNTPGIiPVCQDHLEFW 

LPVCQDHLEFWEGVFTGIi 

IjEFWEGVFTGIiTHIDAHF 

FTGLTHIDAHFLSQTKQS 

DAHFLSQTKQSGENFPYL 

TKQSGENFPYLVAYQATV 

FPYLVAYQATVCARAQAP 

QATVCARAQAPPPS WDQM 

AQAPPPSWDQMWKCLIRL 

WDQMWKCL IRLKPTLHGP 

L IRLKPTLHGPTPLLYRL 

LHGPTPLLYRLGAVQNEV 

LYRLGAVQNEVTLTHPIT 

QNE VTLTHP I TK YI MTCM 

HPITKYIMTCMSADLEVV 

MTCMSADLEWTST 

TSTWVLVGGVLAAL 

WVLVGGVLAALAAYCLST 

LAALAAYCLSTGCW 

AAYCLSTGCWIVG 

CLSTGCWIVGRIVL 

GCWIVGRIVLSGK 

VI VGRI VL SGKPAI I PDR 

LSGKPAI I PDREVLYQEF 

I PDREVLYQE FDEMEEC S 

YQEFDEMEECSQHIiPYIE 

EECSQHLPYIEQGMMLAE 

PYIEQGMMLAEQFKQKAL 

MLAEQFKQKALGIiLQTAS 

QKAIjGLIiQTASRQAEVIT 

QTASRQAE VI TPAVQTNW 

EVI TPAVQTNWQKLE VFW 

QTNWQKLEVFWAKHMWNF 

EVFWAKHMWNFISGIQYL 

MWNF I S G I QYLAGLS TLP 

IQYLAGLSTIiPGNPAIAS 

STIiPGNPAIASLMAFTAA 

AIASLMAFTAAVTSPLTT 

FTAAVTSPLTTGQTLLFN 



SEQ ID NO: 1402 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO: 1403 
NO: 1404 
NO: 1405 
NO: 1406 
NO:1407 
NO: 1408 
NO: 1409 
NO:1410 
NO: 1411 
NO: 14 12 
NO: 1413 
NO: 1414 
NO: 14 15 
NO:1416 
NO:1417 
NO:1418 
NO: 1419 
NO: 1420 
NO: 1421 
NO: 1422 
NO: 1423 
NO: 1424 
NO: 1425 
NO: 1426 
NO: 1427 
NO: 1428 
NO: 1429 
NO:1430 
NO:1431 
NO: 1432 
NO: 1433 
NO: 1434 
NO:1435 
NO:1436 
NO: 1437 
NO:1438 
NO: 143 9 
NO: 1440 
NO: 1441 



mm 



263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 




PLTTGQTLLFNILGGWVA 

LLFNI LGGWVAAQIiAAPG 

GWVAAQLAAPGAATAFVG 

AAPGAATAFVGAGLiAGAA 

AFVGAGLAGAAI GS VGLG 

AGAAIGSVGIiGKVIiVDIIj 

VGLGKVLVD ILAGYGAGV 

VDIIiAGYGAGVAGALVAF 

GAGVAGALVAFKIMSGEV 

LVAFKIMSGEVPSTEDLV 

SGEVPSTEDLVNLLPAIL 

EDLVNLLPAILS PGALW 

PAI LS PGAIj WG WCAAI 

ALWGWCAAILRRHVGP 

CAAILRRHVGPGEGAVQW 

HVGPGEGAVQWMNRLIAF 

AVQVJMNRL I AFASRGNHV 

L I AFAS RGNHVS PTHYVP 

GNHVSPTHYVPESDAAAR 

HYVPESDAAARVTAILS S 

AAARVTAILS S LTVTQLL 

ILSSLTVTQLLRRLHQWI 

TQLLRRLHQW I S SECTTP 

HQWISSECTTPCSGSWLR 

CTTPCSGSWLRDIWDWIC 

SWLRDIWDWICEVLSDFK 

DWICEVIiSDFKTWLKAKL 

SDFKTWLKAKLMPQLPGI 

KAKLMPQLPGIPFVSCQR 

LPGIPFVS CQRGYRGVWR 

SCQRGYRGVWRGDGIMHT 

GVWRGDG IMHTRCHCGAE 

IMHTRCHCGAEITGHVKN 

CGAEITGHVKNGTMRIVG 

HVKNGTMRIVGPRTCRNM 

RIVGPRTCRNMWSGTFPI 

CRNMWSGTFPINAYTTGP 

TFPINAYTTGPCTPLPAP 

TTGPCTPLPAPNYKFALW 

LPAPNYKFALWRVSAEEY 




SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO: 1442 
NO: 1443 
NO: 1444 
NO: 1445 
NO:1446 
NO:1447 
NO: 1448 
NO: 1449 
NO: 1450 
NO: 1451 
NO: 1452 
NO: 1453 
NO: 1454 
NO: 1455 
NO: 1456 
NO:1457 
NO: 1458 
NO: 1459 
NO: 1460 
NO: 1461 
NO: 1462 
NO: 14 63 
NO: 1464 
NO: 1465 
NO: 1466 
NO: 1467 
NO:1468 
NO: 1469 
NO: 1470 
NO: 1471 
NO: 1472 
NO: 1473 
NO: 1474 
NO: 147 
NO: 147 
NO: 1477 
NO:1478 
NO: 1479 
NO:1480 
NO: 14 81 
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303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
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326 
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328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
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FALWRVSAEEYVEIRRVG 
AEEYVEIRRVGDFHYVSG 
RRVGD FH YVSGMTTDNLK 
YVSGMTTDNLKCPCQIPS 
DNIjKCPCQIPSPEFFTEL 
Q I P S PE F FTELDGVRLHR 
FTELDGVRLHRFAPPCKP 
RLHRFAPPCKPLLREEVS 
PCKPLLREEVSFRVGLHE 
EEVS FRVGLHE YPVGS QL 
GLHEYPVGSQLPCEPEPD 
GSQLPCEPEPDVAVLTSM 
PEPDVAVLTSMIiTDPSHI 
LTSMLTDPSHITAEAAGR 
PSHITAEAAGRRLARGSP 
AAGRRLARG S P P S MAS S S 
RGSPPSMASSSASQLSAP 
AS S S AS QLS AP S LKATCT 
LSAPSLKATCTANHDSPD 
ATCTANHDSPDAELIEAN 
DSPDAELIEANLLWRQEM 
IEANLLWRQEMGGNITRV 
RQEMGGNITRVESENKW 
ITRVESENKWILDSFDP 
NKVVILDSFDPLVAEEDE 
S FDPLVAEEDERE VS VPA 
EEDEREVS VPAE I LRKSR 
SVPAEILRKSRRFARALP 
RKSRRFARALPVWARPDY 
RALPVWARPDYNPPLVET 
RPDYNPPLVETWKKPDYE 
LVETWKKPDYEPPWHGC 
PDYEPPWHGCPLPPPRS 
VHGCPLPPPRSPPVPPPR 
PPRSPPVPPPRKKRTWL 
PPPRKKRTWliTESTLST 
TWLTESTLSTALAELAT 
TLS TALAELATKS FGS S S 
ELATKSFGSSSTSGITGD 
GSSSTSGITGDNTTTSSE 
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ID 


SEQ 


ID 


SEQ 


ID 


SEQ 


ID 


SEQ 


ID 


SEQ 


ID 


SEQ 


ID 


SEQ 


ID 


SEQ 


ID 
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ID 
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SEQ 


ID 


SEQ 


ID 
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ID 
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ID 
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ID 
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ID 


SEQ 


ID 


SEQ 


ID 


SEQ 


ID 



ID NO: 1482 
ID NO: 1483 
ID NO: 14 84 
ID NO: 1485 
ID NO: 1486 
ID NO: 14 87 
ID N0:1488 
ID NO: 1489 
ID NO: 1490 
ID NO: 1491 
ID NO: 1492 
ID NO: 1493 



ID NO: 1496 
ID NO: 1497 
ID NO: 1498 
ID NO: 1499 
ID NO:1500 
ID NO: 1501 
ID NO: 1502 
ID NO: 1503 
ID NO: 1504 
ID NO: 1505 
ID NO:1506 
ID NO: 1507 
ID NO: 1508 
ID NO: 1509 
ID NO: 1510 
ID NO: 1511 
ID NO: 1512 
ID NO: 1513 
ID NO: 1514 
ID NO:1515 
ID NO: 1516 
ID NO: 1517 
ID NO:1518 
ID NO: 1519 
ID NO: 1520 
ID NO:1521 




343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
3 63 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 



ITGDNTTTSSEPAPSGCP 

TSSEPAPSGCPPDSDVES 

SGCPPDSDVESYSSM 

PDSDVESYSSMPPIi 

DVESYSSMPPLEGEPGDP 

MPPLEGEPGDPDLSDGSW 

PGDPDLSDGSWSTVSSGA 

DGSW STVS SGADTED 

TVS S GADTED WC 

SSGAJDTEDWCCSMS 

DTEDWCCSMSYSW 

DWCCSMSYSWTGAIi 

CSMSYSWTGALVTP 

SYSWTGALVTPCAAEEQK 

LVTPCAAEEQKIiPINALS 

EEQKLPINALSNSLLRHH 

NALSNSLLRHHNLVYSTT 

LRHHNLVYSTTSRSACQR 

YSTTSRSACQRQKKVTFD 

ACQRQKKVTFDRLQVLDS 

VTFDRLQVLDSHYQDVLK 

VLDSHYQD VL KE VKAAAS 

DVLKE VKAAAS KVKANLL 

AAASKVKANLLSVEEACS 

ANIiLSVEEACSLTPPHSA 

EACSIjTPPHSAKSKFQYG 

PHSAKS KFGYG AKDVRCH 

FGYGAKDVRCHARKAVAH 

VRCHARKAVAHINSVWKD 

AVAHINSVWKDLLEDSVT 

VWKDIiLEDSVTPIDTTIM 

DSVTPIDTTIMAKNEVFC 

TTIMAKNEVFCVQPEKGG 

EVFCVQPEKGGRKPARL I 

EKGGRKPARL I VFPDLGV 

ARLIVFPDLGVRVCEKMA 

DLGVRVCEKMALYDWSK 

EKMADYD WS KLPLAVMG 

VVSKIiPIiAVMGSSYGFQY 

AVMGS S YGFQY S PGQRVE 



SEQ ID NO: 1522 

SEQ ID NO: 1523 

SEQ ID NO: 1524 

SEQ ID NO: 1525 

SEQ ID NO: 1526 

SEQ ID NO: 1527 

SEQ ID NO: 1528 

SEQ ID NO: 1529 

SEQ ID NO: 1530 

SEQ ID NO: 1531 

SEQ ID NO: 1532 

SEQ ID NO: 1533 

SEQ ID NO: 1534 

SEQ ID NO: 1535 

SEQ ID NO: 1536 

SEQ ID NO: 1537 

SEQ ID NO: 153 8 

SEQ ID NO: 153 9 

SEQ ID NO: 1540 

SEQ ID NO: 1541 

SEQ ID NO: 1542 

SEQ ID NO: 1543 

SEQ ID NO: 1544 

SEQ ID NO: 1545 

SEQ ID NO: 1546 

SEQ ID NO: 1547 

SEQ ID NO: 1548 

SEQ ID NO: 1549 

SEQ ID NO: 1550 

SEQ ID NO: 1551 

SEQ ID NO: 1552 

SEQ ID NO: 1553 

SEQ ID NO: 1554 

SEQ ID NO: 1555 

SEQ ID NO: 1556 

SEQ ID NO: 1557 

SEQ ID NO: 1558 

SEQ ID NO: 1559 

SEQ ID NO: 1560 

SEQ ID NO: 1561 
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384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
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GFQYSPGQRVEFLVQAWK 
QRVE FLVQAWKS KKTPMG 
QAWKSKKTPMGFSYDTRC 
TPMGFSYDTRCFDSTVTE 
DTRCFDSTVTESDIRTEE 
TVTESDIRTEEAIYQCCD 
RTEEAIYQCCDLDPQARV 
QCCDLD PQARVAI KS LTE 
QARVAIKS LTERLYVGGP 
SLTERLYVGGPLTNSRGE 
VGGPLTNS RGENCGYRRC 
SRGENCGYRRCRAS GVIiT 
YRRCRASGVLTTS CGNTL 
GVLTTSCGNTLTCYIKAR 
GNTLTCYI KARAACRAAG 
I KARAACRAAGIiQDCTML 
RAAGLQDCTMLVCGDDLV 
CTMLVCGDDLWICESAG 
DDL WI CESAGVQEDAAS 
ESAGVQEDAASLRAFTEA 
DAASLRAFTEAMTRYSAP 
FTEAMTRYSAPPGDPPQP 
YSAPPGDPPQPEYDLELI 
PPQPEYDLELITSCSSNV 
LELITSCS SNVSVAHDGA 
S SNVS VAHDGAGKRVYYL 
HDGAGKRVYYLTRDPTTP 
VYYLTRDPTTPLARAAWE 
PTTPLARAAWETARHTPV 
AAWETARHTPVNSWLGNI 
HTPVNS WLGNI IMFAPTL 
LGNIIMFAPTLWARMILM 
APTLWARMI LMTHFFS VL 
M I LMTHFFS VL I ARDQLE 
FSVLIARDQLEQALNCEI 
DQLEQALNCEI YGACYS I 
NCEI YGACYS IEPLD 
YGACYS IE PLDLPP 
CYSIEPLDLPPIIQRLHG 
DLP P 1 1 QRLHGLS AF SLH 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEO ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO: 1562 
NO: 1563 
NO: 1564 
NO: 1565 
NO: 1566 
NO:1567 
NO:1568 
NO: 1569 
NO: 1570 
NO: 1571 
NO: 1572 
NO: 1573 
NO: 1574 
NO: 1575 
NO: 1576 
NO:1577 
NO:1578 
NO:1579 
NO:1580 
NO: 1581 
NO: 1582 
NO:1583 
NO:1584 
NO: 1585 
NO:1586 
NO:1587 
NO:1588 
NO: 1589 
NO:1590 
NO:1591 
NO: 15 92 
NO: 1593 
NO: 1594 
NO: 1595 
NO: 15 96 
NO: 1597 
NO: 1598 
NO:1599 
NO: 1600 
NO: 1601 




423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 




RLHGLSAFSLHSYSPGEI 
FS LHS YS PGE INRVAACL 
PGEINRVAACLRKLGVPP 
AACLRKLGVPPLRAWRHR 
GVP PLRAWRHRARS VRAR 
WRHRARSVRARLLSRGGR 
VRARLLSRGGRAAICGKY 
RGGRAAI CGKYLFNW AVR 
CGKYLFNWAVRTKLKLTP 
WAVRTKLKLTP I AAAGRL 
KLTPIAAAGRLDLSGWFT 
AGRLDLSGWFTAGYSGGD 
GWFTAGYS GGD I YHS VSH 
SGGDIYHSVSHARPRWFW 
SVSHARPRWFWFCLLLLA 
RWFWFCLLLLAAGVG 
FCLLLLAAGVGIYL 
LLLAAGVGI YLLPNR 
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SEQ 


ID 


NO:1608 


SEQ 


ID 


NO: 1609 
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NO: 1610 


SEQ 


ID 


NO: 1611 


SEQ 


ID 


NO: 1612 
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ID 


NO: 1613 
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ID 


NO: 1614 
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ID 


NO: 1615 


SEQ 


ID 


NO: 1616 


SEQ 


ID 


NO: 1617 
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ID 


NO: 1618 


SEQ 


ID 


NO: 1619 
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TABLE 14 

^ ««^t of overlapping l 5 - mer peptides spacing all proteins of HBV. Genotype A 

zi7 z e rr s " ns - ^ significant varfabiiity * *• W — - ~ 

be^ Genotype A and Genotypes B-D, additional peptides were designed so that fce complete se! 
induce responses to all Genomes of HBV. Where P articu,ar T cell epitopes have been ~ * 
— e pi topes, these are also included in the peptide set, to most optimally i nduce Z^o 
specie responses. Breakdown of seauences: L394 Genotype A seauences - all genes - (^ 394 

(Total of 149 peptxdes); and 544-564 Known Epitopes (Total of 21 peptides) 









1 1 


| WS S KPRKGMGTN 


SEQ ID NO:1620 1 


1 2 


o © ivt'RKGMGTNIiS VP 


SEQ ID NO: 1621 I 


1 ^ 


KJVLrMGTNL S VPNPL G 


SEQ ID NO: 1622 I 


1 4 
1 


j ^ l JM lis VPNPLGFFPD 


SEQ ID NO: 1623 I 


1 
1 


t> VPNPLGFPPDHQLD 


SEQ ID NO : 1624 I 


1 £ 
1 


PLjGFFPDHQLDPAFG 


SEQ ID NO: 1625 I 


1 *7 
1 / 


FPDHQLD PAFGANSN 


SEQ ID NO: 1626 1 


! Q 

1 ** 


QLDPAFGANSNNPDW 


SEQ ID NO: 1627 1 


Q 

1 i7 


AFGANSNNPDWDFNP 


SEQ ID NO: 1628 1 


1 1 A 


NSNNPDWDFNP I KDH 


SEQ ID NO: 1629 1 


1 11 
1 


J PDWDFNP I KDHWPAA 


SEQ ID NO: 163 0 1 


1 


FNPIKDHWPAANQVG 


SEQ ID NO: 1631 1 


13 


KDHWPAANOVGVGA T? 


SEQ ID NO: 1632 1 


14 


PAANQVGVGAFGPGL 


SEQ ID NO: 1633 I 


15 


QVGVGAFGPGLTPPH 


SEQ ID NO: 1634 1 


16 | 


GAFGPGLTPPHGGIL 


SEQ ID NO: 1635 I 


1 17 


PGLTPPHGGILGWSP 


SEQ ID NO: 1636 1 


1 18 


PPHGGILGWSPQAQG 


SEQ ID NO: 163 7 J 


1 19 


GILGWSPQAQGIIiTT 


SEQ ID NO: 1638 I 


1 20 


WSPQAQGILTTVSTI 


SEQ ID NO: 1639 


21 


AQGILTTVSTIPPPA 


SEQ ID NO: 1640 


1 22 


LTTVSTIPPPASTNR 


SEQ ID NO: 1641 


23 


STIPPPASTNRQSGR 


SEQ ID NO: 1642 1 


24 


PPASTNRQSGRQPTP , 


SEQ ID NO: 1643 1 


25 ' 


rNRQSGRQPTPISPP I 


SEQ ID NO: 1644 1 


1 26 1 


3GRQPTPISPPLRDS \l 


SEQ ID NO: 1645 1 


I 27 ] 


PTPISPPLRDSHPQA L 


3EQ ID NO: 1646 1 


1 28 h 


SPPLRDSHPQAMQWN \i 


3EQ ID NO: 1647 1 
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29 iRDSHPQAMQVfKSTAF SEQ ID NO; 1648 

30 PQAMQWNSTAFHQAL SEQ ID NO: 1649 

31 QWNSTAFHQALQDPR SEQ ID NO: 1650 

32 TAFHQALQDPRVRGL SEQ ID NO : 1651 

33 QALQDPRVRGLYLPA SEQ ID NO: 1652 

34 DPRVRGLYLPAGGSS SEQ ID NO : 1653 

35 RGLYLPAGGSSSGTV SEQ ID NO : 1654 

36 LPAGGSSSGTVNPAP SEQ ID NO : 1655 

37 GSSSGTVNPAPNIAS SEQ ID NO: 1656 

38 GTVNPAPNIASHISS SEQ ID NO: 1657 

39 PAPNIASHISSISAR SEQ ID NO: 1658 

40 IASHISSISARTGDP SEQ ID NO : 1659 

41 1 1 S S I S ARTGDPVTNM SEQ ID NO: 1660 

42 SARTGDPVTNMENIT SEQ ID NO: 1661 

43 GDPVTNMENITSGFL SEQ ID NO: 1662 

44 TNMENITSGPLGPLL SEQ ID NO -.1663 

45 NITSGFLGPLLVLQA SEQ ID NO: 1664 

46 GPLGPLLVLQAGPPL SEQ ID NO: 1665 

47 I PIiL VLQAGFFLIiTR I SEQ ID NO: 1666 

48 LQAGPFLLTRILTIP SEQ ID NO: 1667 

49 FPLLTRILTIPQSLD SEQ ID NO: 1668 

50 TRILTIPQSLDSWWT SEQ ID NO: 1669 

51 TIPQSLDSWWTSLNF 

52 SLDSWWTSLNFLGGS 

53 WWTSLNFLGGSPVCL 

54 IliNFLGGS PVCLGQNS 

55 GGSPVCLGQNSQSPT 

56 |VCLGQNSQSPTSNHS 



SEQ ID NO: 1670 
SEQ ID NO: 1671 
SEQ ID NO: 1672 
SEQ ID NO: 1673 
SEQ ID NO : 16>74 
SEQ ID NO: 1675 
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57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 



QNSQSPTSNHSPTSC 

SPTSNHSPTSCPPIC 

NHSPTSCPPICPGYR 

TSCPPICPGYRWMCL 

P I CPGYRWMCLRRF I 

G YRWMCLRRF IIFLF 

MCLRRFIIFLFILLL 

RFIIFLFILLLCLIF 

FLFILLLCLIFLLVL 

LLLCI, I FLLVLLD YQ 

L I FLLVLLDYQGMLP 

LVLLDYQGMLPVCPL 

DYQGMLPVCPLIPGS 

MLPVCPLIPGSTTTS 

CPLIPGSTTTSTGPC 

PGSTTTSTGPCKTCT 

TTSTGPCKTCTTPAQ 

GPCKTCTTPAQGNSM 

TCTTPAQGNSMFPSC 

PAQGNSMFPSCCCTK 

NSMFPSCCCTKPTDG 

PSCCCTKPTDGNCTC 

CTKPTDGNCTCIPIP 

TDGNCTCIPIPSSWA 

CTCIPIPSSWAFAKY 

PI PS S WAFAKYLWE W 

S WAFAKYL WK WAS VR 

AKYLWEWASVRFSWI, 

WEWASVRFSWLSLLV 

SVRFSWLSLLVPFVQ 

S WLS LLVPFVQWFVG 

LLVPFVQWFVGLSPT 

FVQWFVGLS PTVWLS 

FVGLSPTVWLSAIWM 

SPTVWLSAIWMMWYW 

WLSAIWMMWYWGPSL 

IWMMWYWGPSL YS IV 

WYWGPSIiYS IVSPFI 

PSLYSIVSPFIPLLP 

SIVSPFIPLLPIFFC 



SEQ ID NO: 1676 
SEQ ID NO: 1677 
SEQ ID NO: 1678 
SEQ ID NO: 1679 
SEQ ID NO: 1680 
SEQ ID NO: 1681 
SEQ ID NO: 1682 
SEQ ID NO: 1683 
SEQ ID NO: 1684 
SEQ ID NO: 1685 
SEQ ID NO: 1686 
SEQ ID NO: 1687 
SEQ ID NO: 168 8 
SEQ ID NO: 1689 
SEQ ID NO: 1690 
SEQ ID NO: 1691 
SEQ ID NO: 1692 
SEQ ID NO: 1693 
SEQ ID NO: 1694 
SEQ ID NO: 1695 
SEQ ID NO: 1696 
SEQ ID NO: 1697 
SEQ ID NO: 1698 
SEQ ID NO: 1699 
SEQ ID NO: 1700 
SEQ ID NO: 1701 
SEQ ID NO: 1702 
SEQ ID NO: 1703 
SEQ ID NO: 1704 
SEQ ID NO: 1705 
SEQ ID NO: 1706 
SEQ ID NO: 1707 
SEQ ID NO: 1708 
SEQ ID NO: 1709 
SEQ ID NO: 1710 
SEQ ip NO: 1711 
SEQ ID NO: 1712 
SEQ ID NO: 1713 
SEQ ID NO: 1714 
SEQ ID NO: 1715 



97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 



PFIPLLPI FFCLWVY 

FIPLLPIFFCLWVYI 

MAARLYCQLDPSRDV 

LYCQLDPSRDVLCLR 

LDPSRDVLCLRPVGA 

RDVLCLRPVGAESRG 

CLRPVGAESRGRPLS 

VGAESRGRPLSGPLG 

SRGRPLSGPLGTLSS 

PLSGPLGTLSSPSPS 

PLGTLS S P S PSAVPA 

LiSSPSPSAVPADHGA 

S PS AVPADHGAHLSL 

VPADHGAHLSLRGLP 

HGAHLS LRGLPVC AF 

LSLRGLPVCAFSSAG 

GLPVCAFSSAGPCAL 

CAFSSAGPCALRFTS 

SAGPCALRFTSARCM 

CALRFTSARCMETTV 

FTSARCMETTVNAHQ 

RCMETTVNAHQILPK 

TTVNAHQ I LP KVLHK 

APQ I LPKVLHKRTLG 

LPKVLHKRTLGLPAM 

LHKRTLGLPAMSTTD 

TLGLPAMSTTDLEAY 

PAMSTTDLEAYFKDC 

TTDLEAYFKD CVFKD 

EAYFKDCVFKDWEEIj 

KDCVF KDV? EELGEE I 

FKDWEELGEE IRLMI 

EELGEEIRLMIFVLG 

EE IRLMI FVLGGCRH 

LMIFVLGGCRHKLVC 

VLGGCRHKLVCAPAP 

CRHKLVCAPAPCNFF 

KLVCAPAP CNF FTS A 

MPLSYQHFRKLLLLD 

YQHFRKLLLLDDGTE 




SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 



ID 


NO : 1716 


ID 


NO: 1717 


ID 


NO : 17 18 


ID 


NO : 1719 


ID 


NO : 172 0 


ID 


NO : 1 7 2 1 


ID 


NO : 1722 


ID 


NO : 1721 


ID 


NO • 1724. 


ID 


NO : 172 R 


ID 


NO * 172fi 


ID 


NO • 1727 


ID 


NO -17 2ft 

AM \J a JU t At O 


ID 


NO • 1 7 2 Q 


ID 


NO •17^n 

AN\^ • X / J U 


ID 


NO • 1 7 11 


ID 
j_ 


NO -1719 


ID 


NO "1711 


ID 

JL X*> 


NO • 1 7 1 A 

XM^ . X / J f± 


ID 


NO • 1 7 3 ^ 


ID 


NO • 1 7 3 6 


ID 


NO • 173 7 


ID 


NO • 173ft 


ID 


NO • 1 7 3 Q 


ID 


NO • 1 7 4 n 


ID 


NO • 1 7 4 1 


ID 


NO • 1 7 4 2 


ID 


MO •1741 

XM w • X / fr O 


ID 

JL u 


MO • T 744 

XW * JL / ffcffc 


ID 

JL u 


MO • 1 74 c 


ID 

nil JL/ 


NO • T 7 4 K 


ID 


MO • 1 7 4 *7 

XnW . X / ft / 




MO •! 7AQ 
xMvJ . x / ft o 


TD 


MO . 1 7/Q 

xnu , x f **, y 


ID 


NO: 1750 


ID 


NO: 1751 


ID 


NO: 1752 


ID 


NO:1753 


ID 


NO: 17 54 


ID 


NO: 1755 
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137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 



RKLLMiDDGTEAGPL 

IiLDDGTEAGPIjEEEL 

GTEAGPLEEELPRLA 

GPLEEELPRLApADIi 

EELPRLAPADLNRRV 

RliAPADLNRRVAEDL 

ADLNRRVAEDLNLGN 

RRVAEDLNLGNIiNVS 

EDIjNLGNLNVS IPWT 

LGNLNVS I PWTHKVG 

NVS I P WTHKVGNFTG 

PWTHKVGNFTGL YS S 

KVGNFTGLYS S T VP I 

FTGLYSSTVPIFNPE 

YSSTVPIFNPEWQTP 

VPIFNPBWQTPSFPK 

NPEWQTPSFPKIHIiQ 

QTPSFPKIHLQEDI I 

FPKIHLQEDI INRCQ 

HLQED I INRCQQF VG 

D I INRCQQF VG PLTV 

RCQQFVGPLTVNEKR 

FVGPLTVNEKRRLKL 

LTVNEKRRLKLIMPA 

EKRRLKtilMPARFYP 

LKLIMPARFYPTTKY 
MPARFYPTTKYLPLD 
FYPTTKYIiPLDKGIK 
TKYLPLDKGIKPYYP 
PLDKGI KPYYPDQW 
GI KPYYPDQWNHYF 
YYPDQWNHYFQTRH 
QWNHYFQTRHYI/HT 
HYFQTRHYLHTLWKA 
TRHYIiHTL WKAG ILY 
LHTLWKAG I LYKRET 
WKAGIIiYKRETTRSA 
ILYKRETTRS AS FCG 
RETTRS AS FCGS P YS 
RSASFCGSPYSWEQE 



SEQ ID NO: 1756 
SEQ ID NO: 1757 
SEQ ID NO: 1758 
SEQ ID NO: 1759 
SEQ ID NO: 1760 
SEQ ID NO: 1761 
SEQ ID NO: 1762 
SEQ ID NO: 1763 
SEQ ID NO: 1764 
SEQ ID NO: 1765 
SEQ ID NO: 1766 
SEQ ID NO: 1767 
SEQ ID NO: 1768 
SEQ ID NO: 1769 
SEQ ID NO: 1770 
SEQ ID NO: 1771 
SEQ ID NO: 1772 
SEQ ID NO: 1773 
SEQ ID NO: 1774 
SEQ ID NO: 1775 
SEQ ID NO: 1776 
SEQ ID NO: 1777 
SEQ ID NO: 1778 
SEQ ID NO: 1779 
SEQ ID NO: 1780 
SEQ ID NO: 1781 
SEQ ID NO: 1782 
SEQ ID NO: 1783 
SEQ ID NO: 1784 
SEQ ID NO: 1785 
SEQ ID NO: 1786 
SEQ ID NO: 17 87 
SEQ ID NO: 1788 
SEQ ID NO: 1789 
SEQ ID NO: 1790 
SEQ ID NO: 1791 
SEQ ID NO: 1792 
SEQ ID NO: 1793 
SEQ ID NO: 1794 
SEQ ID NO: 1795 




177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 



FCGSPYSWEQELQHG 
PYSWEQELQHGRIiVI 
EQELQHGRIiVI KTS Q 
QHGRLVIKTSQRHGD 
VIKTS QRHGDE S FC 
TSQRHGDESFCSQPS 
HGDESFCSQPSGILS 
SFCSQPSGIIiSRSSV 
QPSGILSRSSVGPCI 
IIiSRSSVGPCIRSQL 
SSVGPCIRSQLKQSR 
PCIRSQLKQSRLGLQ 
SQIiKQSRLGLQPHQG 
QSRLGLQPHQGPIiAS 
GLQPHQGPLAS SQPG 
HQGPLASSQPGRSGS 
LAS S QPGRS GS IRAR 
QPGRS GS I RARAHPS 
SGS IRARAHPSTRRY 
RARAHPSTRRYFGVE 
HPSTRRYFGVEPSGS 
RRYFGVEPSGSGHID 
GVEPSGSGHIDHSVN 
SGSGHIDHSVNNSSS 
HIDHSVNNSSSCLHQ 
SVNNSSSCLHQSAVR 
S S S CLHQ S AVRKAAY 
LHQSAVRKAAYSHLS 
AVRKAAYSHLSTSKR 
AAYSHLS TS KRQS S S 
HLSTS KRQS S SGHAV 
SKRQSSSGHAVEFHC 
SSSGHAVEFHCLPPS 
HAVEFHCLPPSSAGS 
FHCLPPSSAGSQSQG 
PPSSAGSQSQGSVSS 
AGSQSQGSVSSCWWL 
SQGSVSSCWWLQFRN 
VSSCWV7LQFRNSKPC 
WWLQFRNSKPCSEYC 



SEQ ID NO: 1796 
SEQ ID NO: 1797 
SEQ ID NO: 1798 
SEQ ID NO: 1799 
SEQ ID NO: 1800 
SEQ ID NO: 1801 
SEQ ID NO: 1802 
SEQ ID NO: 1803 
SEQ ID NO: 1804 
SEQ ID NO: 1805 
SEQ ID NO: 1806 
SEQ ID NO: 1807 
SEQ ID NO: 1808 
SEQ ID NO: 1809 
SEQ ID NO: 1810 
SEQ ID NO: 1811 
SEQ ID NO: 1812 
SEQ ID NO: 1813 
SEQ ID NO: 1814 
SEQ ID NO: 1815 
SEQ ID NO: 1816 
SEQ ID NO: 1817 
SEQ ID NO: 1818 
SEQ ID NO: 1819 
SEQ ID NO: 1820 
SEQ ID NO: 1821 
SEQ ID NO: 1822 
SEQ ID NO: 1823 
SEQ ID NO: 1824 
SEQ ID NO; 1825 
SEQ ID NO: 1826 
SEQ ID NO: 1827 
SEQ ID NO : 182 8 
SEQ ID NO; 1829 
SEQ ID NO: 1830 
SEQ ID NO: 1831 
SEQ ID NO: 1832 
SEQ ID NO ; 1833 
SEQ ID NO: 1834 
SEQ ID NO: 1835 
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217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 




FRNSKPCSEYCLSHL 
KPCSEYCLSHLVNLR 
EYCLSHLVNLREDWG 
SHLVNLREDWGPCDE 
NLREDWGPCDEHGEH 
DWGPCDEHGEHHIRI 
CDEHGEHHIR I PRTP 
GEHHIRIPRTPARVT 
IRI PRTPARVTGGVF 
RTPARVTGGVFLVDK 
RVTGGVFLVDKNPHN 
GVFLVD KNPHNT AE S 

VDKNPHNTAESRLVV 
PHNTAESRLWDFSQ 
AESRLWDFSQFSRG 
LWDFSQFSRGITRV 
FSQFSRGITRVSWPK 
SRGITRVSWPKFAVP 
TRVSWPKFAVPNLQS 
WPKFAVPNLQSLTNL 
AVPNLQSLTNLLSSN 
LQSLTNLLSSNLSWL 
TNLLSSNLSWLSLDV 
SSNIiSWLSLDVSAAF 
SWIiSLDVSAAFYHIP 
LDVSAAFYHIPLHPA 
AAFYHI PLHPAAMPH 
HI PIiHPAAMPHLLIG 
HPAAMPHlrLIGSSGIi 
MPHLL IGSSGIiSRYV 
LIGSSGLSRYVARLS 
SGIiSRYVARLS SNSR 
RYVARLS SNSRINNN 
RLS SNSR INNNQYGT 
NSRINNNQYGTMQNL 
NNNQYGTMQNIiHDSC 
YGTMQNLHDSCSRQL 
QNLHD S C S RQL YVS L 
DSCSRQLYVSLMLLY 
RQLYVSLMIiLYKTYG 



mm' 




SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO:1836 
NO:1837 
NO:1838 
NO:1839 
NO: 1840 
NO:1841 
NO:1842 
NO:1843 
NO: 1844 
NO: 1845 
NO: 1846 
NO:1847 
NO: 1848 
NO:1849 
NO:1850 
NO: 1851 
NO: 1852 
NO: 1853 
NO: 1854 
NO: 1855 
NO:1856 
NO: 1857 
NO:1858 
NO:1859 
NO:1860 
NO: 1861 
NO: 1862 
NO: 1863 
NO: 1864 
NO: 1865 
NO:1866 
NO: 1867 
NO:1868 
NO: 1869 
NO.-1870 
NO: 1871 
NO: 1872 
NO:1873 
NO: 1874 
NO:1875 










257 




258 




259 




260 




261 




262 


• 


263 




264 




265 




266 




267 




268 




269 




270 




271 




272 




273 




274 




275 




276 




277 




278 




279 




280 




281 




282 




283 




284 




285 




286 




287 




288 




289 




290 




291 




292 




293 




294 




295 




296 
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VSLMLLYKTYGWKLH 
LLYKTYGWKLHLYSH 
TYGWKLHLYSHPIVL 
KLHIiYSHP I VLGFRK 
YSHPI VLGFRKI PMG 

IVLGFRKIPMGVGLS 
FRKI PMGVGLS PFIiL 
PMGVGLSPFIiLAQFT 
GtiSPFLLAQFTSAIC 
FLLAQFTSAICSWR 
QFTSAICSWRRAFP 
AI CS WRRAFPHCLA 
VVRRAFPHCLAFSYM 
AFPHCLAFSYMDDW 
CIiAF S YMDDWIiGAK 
SYMDDWLGAKSVQH 
DWLGAKSVQHRESL 
GAKSVQHRESLYTAV 
VQHRE SIiYTAVTNFL 
ESLYTAVTNFIjLSIiG 
TAVTNFLLStiGIHLN 
NFIiLSLGI HLNPNKT 
SLGIHLNPNKTKRWG 
HLNPNKTKRWGYSLN 
NKTKRWGYSLNFMGY 
RWGYSLNFMGYIIGS 
SLNFMGYIIGSWGTL 
MGYI IGSWGTLPQDH 
IGSWGTLPQDHIVQK 
GTLPQDH I VQKI KHC 
QDHI VQKI KHCFRKL 
VQKI KHCFRKLPVNR 
KHCFRKLPVNRP IDW 
RKLPVNRP IDWKVCQ 
VNRPIDWKVCQRIVG 
IDWKVCQRIVGLLGF 
VCQRIVGLLGFAAPF 
IVGLLGFAAPFTQCG 
LGFAAPFTQCGYPAL 
APFTQCGYPALMPLY 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO:1877 
NO:1878 
NO: 1879 
NO:1880 
NO: 1881 
NO: 1882 
NO:1883 
NO:1884 
NO:1885 
NO:1886 
NO:1887 
NO:1888 
NO: 1889 
NO: 1890 
NO:1891 
NO: 1892 
NO: 1893 
NO: 1894 
NO: 1895 
NO: 1896 
NO: 1897 
NO: 1898 
NO:1899 
NO:1900 
NO:1901 
NO:1902 
NO: 1903 
NO; 1904 
NO: 1905 
NO: 1906 
NO: 1907 
NO:1908 
NO:1909 
NO:1910 
NO: 1911 
NO: 1912 
NO: 1913 
NO: 1914 
NO; 1915 
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297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 

V 

321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 



QCGYPALMPLYACIQ 

PALMPLYACIQAKQA 

PLYACIQAKQAFTFS 

CIQAKQAFTFSPTYK 

KQAFTFS PTYKAFLS 

TFSPTYKAFLSKQYM 

T YKAFLS KQYMNLYP 

FLS KQYMNLYP VARQ 

QYMNLYPVARQRPGL 

LYPVARQRPGLCQVF 

ARQRPGLCQVFADAT 

PGLCQVFAPATPTGVJ 

QVFADATPTGWGLAI 

DATPTGWGLAIGHQR 

TGWGLAIGHQRMRGT 

LAIGHQRMRGTFVAP 

HQRMRGTFVAPLPIH 

RGTFVAPLPIHTAEL 

VAPLP IHTAELLAAC 

PIHTAEIiLAACFARS 

ABLLAACFARSRSGA 

AACFARSRSGAKLIG 

ARSRSGAKliIGTDNS 

SGAKLIGTDNSWLS 

LIGTDNSWLSRKYT 

DNSWLSRKYTSFPW 

VLS RKYTS F PWLkGC 

KYTSFPWLLGCTANW 

FPWLLGCTANWILRG 

LGCTANWILRGTSFV 

ANW ILRGTS FVYVP S 

LRGTSFVYVPSALNP 

SFVYVPSALNPADDP 

VPSALNPADDPSRGR 

LNPADDPSRGRLGLS 

DDPSRGRLGLSRPLXj 

RGRLGLSRPLLRLPF 



334 GLSRPLIiRIiPFQPTT 



335 
336 



PLLRLPFQPTTGRTS 
LPFQPTTGRTSLYAV 



SEQ ID NO: 1916 
SEQ ID NO: 1917 
SEQ ID NO: 1918 
SEQ ID NO: 1919 
SEQ ID NO:1920 
SEQ ID NO: 1921 
SEQ ID NO: 1922 
SEQ ID NO: 1923 
SEQ ID NO: 1924 
SEQ ID NO: 1925 
SEQ ID NO; 1926 
SEQ ID NO: 1927 
SEQ ID NO: 192 8 
SEQ ID NO: 1929 
SEQ ID NO: 1930 
SEQ ID NO: 1931 
SEQ ID NO: 1932 
SEQ ID NO: 1933 
SEQ ID NO: 1934 
SEQ ID NO: 1935 
SEQ ID NO: 1936 
SEQ ID NO: 193 7 
SEQ ID NO; 193 8 
SEQ ID NO: 1939 
SEQ ID NO: 194 0 
SEQ ID NO: 1941 
SEQ ID NO: 1942 
SEQ ID NO: 1943 
SEQ ID NO: 1944 
SEQ ID NO: 1945 
SEQ ID NO: 1946 
SEQ ID NO: 1947 
SEQ ID NO: 1948 
SEQ ID NO: 1949 
SEQ ID NO: 1950 
SEQ ID NO: 1951 
SEQ ID NO: 1952 
SEQ ID NO: 1953 
SEQ ID NO; 1954 
SEQ ID NO: 1955 




337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 



PTTGRTSLYAVSPSV SEQ ID NO: 1956 
RTSLYAVSPSVPSHL SEQ ID NO; 1957 
YAVSPSVPSHLPVRV 
PSVPSHLPVRVHFAS 
SHLPVRVHFASPIiHV 
VR VHFAS PLHVAWRP 
RVHFAS PLHVAWRPP 
MQLFHLCLIISCTCP 
HLCLIIS CTCPTVQA 
IISCTCPTVQASKLC 
TCPTVQASKLCLGWLi 
VQASKLCLGWLWGMD 
KLCLGWLWGMDIDPY 
GWLWGMDIDPYKEFG 
GMDIDPYKEFGATVE 
DPYKEFGATVELLSF 
EFGATVELLSFLPSD 
TVEIiLSFLPSDFFPS 
LSFLPSDFFPSVRDIj 
PSDFFPSVRDLLDTA 
FPSVRDLLDTASALY 
RDIjLDTASALiYREAIi 
DTAS ALYRE ALE SPE 
ALYREALESPEHCSP 
EAIiESPEHCS PHHTA 
SPEHCS PHHTALRQA 
CSPHHTALRQAILCW 
HTAIiRQAILCWGELM 
RQAILCWGEIiMTTiAT 
LCWGELMTLATWVGN 
ELMTIATWVGNNLED 
LATWVGNNLEDPASR 
VGNNLEDPASRDLW 
LEDPASRDLWNYVN 
ASRDIiWNYVNTNMG 
LVWTYVNTNMGIiKIR 
YVNTNMGIiKIRQLLW 
NMGLKIRQLLWFHIS 
KIRQLLWFHISCLTF 
LLWFHI S CLTFGRET 



SEQ ID NO: 1958 
SEQ ID NO: 1959 
SEQ ID NO: 1960 
SEQ ID NO: 1961 
SEQ ID NO: 1962 
SEQ ID NO: 1963 
SEQ ID NO: 1964 
SEQ ID NO: 1965 
SEQ ID NO: 1966 
SEQ ID NO: 1967 
SEQ ID NO: 1968 
SEQ ID NO: 1969 
SEQ ID NO: 1970 
SEQ ID NO: 1971 
SEQ ID NO: 1972 
SEQ ID NO: 1973 
SEQ ID NO: 1974 
SEQ ID NO: 1975 
SEQ ID NO: 1976 
SEQ ID NO: 1977 
SEQ ID NO: 1978 
SEQ ID NO: 1979 
SEQ ID NO: 1980 
SEQ ID NO: 1981 
SEQ ID NO: 1982 
SEQ ID NO: 1983 
SEQ ID NO: 1984 
SEQ ID NO: 1985 
SEQ ID NO: 1986 
SEQ ID NO: 1987 
SEQ ID NO: 1988 
SEQ ID NO: 1989 
SEQ ID NO: 1990 
SEQ ID NO: 1991 
SEQ ID NO: 1992 
SEQ ID NO: 1993 
SEQ ID NO: 1994 
SEQ ID NO: 1995 
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377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
3 93 
394 
39S 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 



HISCLTFGRETVLEY 
IiTFGRETVLEYLVSP 
RETVLE YLVS FGVWX 
LEYLVSFGVWIRTPP 
VSFGVWIRTPPAYRP 
VWIRTPPAYRPPNAP 
TPPAYRPPNAPILST 
YRPPNAPILSTLPET 
NAP ILSTLPETTWR 
LSTI^PETTVVRRRDR 
PETTWRRRDRGRSP 
WRRRDRGRSPRRRT 
RDRGRSPRRRTPSPR 
RS PRRRTPSPRRRRS 
RRT P S PRRRRSQ SPR 
S PRRRRSQS PRRRRS 
RRSQSPRRRRSQSRE 
QSPRRRRSQSRESQC 
MGQNLSTSNPLGFFP 
tiDPAFRANTANPDWD 
NPNKDTWPDANKVGA 
DTWPDANKVGAGAFG 
DWDFNPNKDTWPDAN 
NPNKDHWPEANQVGA 
DHWPEANQVGAGAFG 
DWDFNPNKDHWPEAN 
NPHKDNWPDANKVGV 
DNWPDANKVGVGAFG 
DWDLNPHKDNWPDAN 
QGILQTLPANPPPAS 
QTLPANPPPASTNRQ 
SPQAQGILQTLPANP 
QG I LTTVPAAP PPAS 
QPTPL S P PLRDTHPQ 

LSPPLRNTHPQAMQW 
NSTTFHQTLQDPRVR 
GTVNPVPTTAS PI SS 
PVPTTASPISSIFSR 
TASPISSIFSRIGDP 
ISSIFSRIGDPALNM 



SEQ ID NO; 1996 
SEQ ID NO: 1997 
SEQ ID NO: 1998 
SEQ ID NO: 1999 

* 

SEQ ID NO:2000 
SEQ ID NO: 2001 
SEQ ID NO: 2002 
SEQ ID NO: 2003 
SEQ ID NO: 2004 
SEQ ID NO: 2005 
SEQ ID NO: 2006 
SEQ ID NO: 2 007 
SEQ ID NO; 200 8 
SEQ ID NO: 2009 
SEQ ID NO: 2010 
SEQ ID NO: 2011 
SEQ ID NO: 2012 
SEQ ID NO: 2 013 
SEQ ID NO: 2014 
SEQ ID NO: 2015 
SEQ ID NO: 2016 
SEQ ID NO: 2017 
SEQ ID NO: 2018 
SEQ ID NO: 2019 
SEQ ID NO: 2020 
SEQ ID NO;2021 
SEQ ID NO: 2022 
SEQ ID NO: 2023 
SEQ ID NO; 2024 
SEQ ID NO: 2025 
SEQ ID NO; 2026 
SEQ ID NO; 2 027 
SEQ ID NO: 2028 
SEQ ID NO: 2029 
SEQ ID NO;2030 
SEQ ID NO: 2031 
SEQ ID NO:2032 
SEQ ID NO: 2 033 
SEQ ID NO: 2034 
SEQ ID NO: 2035 



417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 




456 



FSRIGDPALNMENIT 
GDPALNMENITSGFL 
GT VS P AQNTVS AI S S 
PAQNTVSAISSILSK 
TVSAISSILSKTGDP 
ISSILSKTGDPVPNM 
LSKTGDPVPNMENIA 
GDPVPNMENI AS GLL 
NFLGGTTVCLGQNS Q 
LNFLGGAPTC PGQNS 
NSQSQISSHSPTCCP 
QISSHSPTCCPPICP 
PVCPliLPGTSTTSTG 
P S S WAFGKFL WE WAS 
PSSWAFARFLWEWAS 
WGPSLYS ILSPFLPL 

WGPSLYNILSPFMPL 
AAR VCCQLD PARDVL 

AARI4CCQI1DPARDVL 
RGRPLPGPLGALPPA 
LPGPLGADPPASPSA 
LGALPPASPSAVPSD 

Irgrpvsgpfgplpsp 
vsgpfgplpspsssa 
fgplpspsssavpad 
pspsssavpadhgah 

SP S AVPTDHGAHLSIi 
TTVNAHRNLPKVLHK 
AYFKDCVFNEWEELG 
GEE IRLKVF VLGGCR 
I*I»LI»DDEAGPLEEEIi 
ELPRLADEGLNRRVA 
VPVFNPHWKTPSFPN 
NIHLHQDI IKKCEQF 
HQD I IKKCEQF VGPIi 
IKKCEQFVGPLTVNE 
NIHLQEDIINRCQQY 
QEDI INRCQQ YVGPI, 

INRCQQYVGPLTVNE 
QQYVGPLTVNEKRRIj 




SEQ ID NO;2036 
SEQ ID NO: 2037 
SEQ ID NO: 2038 
SEQ ID NO: 2039 
SEQ ID NO: 2040 
SEQ ID NO:2041 
SEQ ID NO: 2 042 
SEQ ID NO; 2043 
SEQ ID NO: 2 044 
SEQ ID NO: 2045 
SEQ ID NO: 2046 
SEQ ID NO: 2047 
SEQ ID NO; 2048 
SEQ ID NO; 2 049 
SEQ ID NO: 2050 
SEQ ID NO: 2051 
SEQ ID NO: 2 052 
SEQ ID NO: 2053 
SEQ ID NO: 2054 
SEQ ID NO: 2 055 
SEQ ID NO: 2056 
SEQ ID NO: 2057 
SEQ ID NO: 2058 
SEQ ID NO: 2059 
SEQ ID NO: 2060 
SEQ ID NO: 2061 
SEQ ID NO:2062 
SEQ ID NO: 2063 
SEQ ID NO: 2064 
SEQ ID NO; 2065 
SEQ ID NO: 2066 
SEQ ID NO: 2 067 
SEQ ID NO: 2068 
SEQ ID NO: 2069 
SEQ ID NO: 2070 
SEQ ID NO: 2071 
SEQ ID NO: 2072 
SEQ ID NO: 2073 
SEQ ID NO: 2 074 
SEQ ID NO:2075 
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457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 



DIHLQEDIVDRCKQF 

QED I VDRCKQP VGPL 

VDRCKQFVGPLTVNE 

IKPYYPEHLVNHYFQ 

WEQELQHGAESFHQQ 

LQHGAES FHQQS SGI 

LQHGRLVFQTSTRHG 

RLVFQTSTRHGDESF 

QTSTRHGDESFCSQS 

RHGDESFCSQSSGIL 

SSGILSRPPVGSSLQ 

LSRPPVGSSLQSKHR 

PVGSSLQSKHRKSRL 

SLQSKHRKSRLGLQS 

KHRKSRLGLQSQQGH 

SRLGLQSQQGHLARR 

LQSQQGHLARRQQGR 

QGHLARRQQGRSWS I 

ARRQQGRSWS IRAGF 

QGRSWS IRAGFHPTA 

WS IRAGFHPTARRPF 

AGFHPTARRPFGVEP 

PTARRPFGVEPSGSG 

RPFGVEPSGSGHTTN 

VEPSGSGHTTNFASK 

GSGHTTNFASKSASC 

TTNFAS KS AS CLYQS 

ASKSASCLYQSPVRK 

C I QS QLRKSRLGPQP 

TQGQLAGRPQGGS GS 

VEPSGSGHTHNCASS 

GSGHTHNCAS S S S SC 

THNCAS S S S S CLHQS 

LQPQQGSLARGKSGR 

QGSLARGKSGRSGS I 

ARGKSGRSGSIRARV 

SGRSGSIRARVHPTT 

GS I RARVHPTTRRSF 

VEPSGSGHIDNSASS 

GSGHIDNS ASS AS S C 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 



NO:2076 

N0:2077 

NO:2078 

N0:2079 

NO:2080 

NO:2081 

NO:2082 

NO:2083 

NO: 2 084 

NO;2085 

NO:2086 

NO:2087 

NO:2088 

NO:2089 

NO:2090 

NO:2091 

NO:2092 

NO:2093 

NO: 2 094 

NO:2095 

NO:2096 

NO:2097 

NO:2098 

NO: 2 099 

NO:2100 



SEQ ID NO: 2101 
SEQ ID NO: 2102 
SEQ ID NO: 2103 
SEQ ID NO: 2104 
SEQ ID NO: 2 105 
SEQ ID NO: 2106 
SEQ ID NO: 2107 
SEQ ID NO: 2108 
SEQ ID NO: 2109 
SEQ ID NO: 2110 
SEQ ID NO: 2111 
SEQ ID NO: 2112 
SEQ ID NO: 2113 
SEQ ID NO: 2 114 
SEQ ID NO: 2 115 



497 

498 

499 

500 

501 

502 

503 

504 

505 

506 

507 

508 

509 

510 

511 

512 

513 

514 

515 

516 

517 

518 

519 

520 

521 

522 

523 

524 

525 

526 

527 

528 

529 

530 

531 

532 

533 

534 

535 

536 




IDNSASSASSCLHQS 

KAAYPSVSTFEKHSS 

PS VSTFEKHS S SGHA 

TFEKHS S SGHAYELH 

KAAYSPISTSKGHSS 

SPISTSKGHSSSGHA 

TSKGHSSSGHAVEIiH 

HAVELHNLPPNSARS 

LHNLPPNSARSQSER 

PPNSARSQSERPVFP 

ARSQSERPVFPCWWL 

SERPVFPCWWLQFRN 

VFPCWWLQFRNSKPC 

HAVELHHFPPNS SRS 

LHHFPPNSSRSQSQG 

PPNSSRSQSQGSVLS 

SRS QSQGSVLS CWWL 

SQGSV&SCWWLQFRN 

HAVELHNIPPSSARS 

IiHNIPPSSARSQSEG 

ppssarsqsegpifs 
arsqsegpifscwwl 
kpcsdyclshivnll 
dyclshivnlledwg 
shivnlledwgpcae 
sqfsrgnyrvswpkf 
sqfsrgsthvswpkf 
stsrninyqhgtmqd 
ninyqhgtmqdlhds 
snsri inhqhgtmqn 

NLYVSLLLLYQTFGR 
SLLLLYQTFGRKLHL 
LYQTFGRKLHLYSHP 
FGRKLHLYSHP I ILG 
S VQHLESLFTS ITNF 
LESLFTS ITNFLLSL 
FTSITNFLLSLGIHL 
YVIGCYGSLPQDHII 
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